Finite Volume simulation of cavitating flows by Helluy, Philippe & Barberon, Thomas
HAL Id: inria-00071762
https://hal.inria.fr/inria-00071762
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Finite Volume simulation of cavitating flows
Philippe Helluy, Thomas Barberon
To cite this version:










   



















ap por t  
de  r ech er ch e 
THÈME 4
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Finite Volume simulation of cavitating flows
Philippe HELLUY — Thomas BARBERON
N° 4824
Mai 2003
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)







w `fjjxd t b l S t SUo P S t o P Sezy%Vf{\|}VFX~`c[+|vfc>Xf|Kj`vfSUk
gUUcc eb P []k)<d t <S9j t dfjzdfkSB`e^T9S t []oh`v_%T9Shb P d l d t b P SNT9d l Sh_a_q[]e	gd  j P `fkSKb t `ce
k[ab[adfekQ[]eopd\TNj t Snkk[]	_qS)z^[ l xd}#kU OQP SBj t SUkk^ t S_]`#kQb`  []e	7[]e\bd`coUopd\^e\b#j P `ckSWb t `cexk[ab[adfek
` t SWohdfTNj	_aSprg`fe l _aSU` l bd l [q7oU^	_ab[aSUk#k^o P `ckib P S>e	dfe	^e[a^	Sne	SUkkd  b P SWSnefb t d\j\mkdf_a^	b[qd\ekU  e
d t l S t bd`fdc[ l b P SnkS l [qoh^	_ab[aSUk  <S9j t dfjzdfkSK`j t dcuSUopb[qd\e@ ze	[abS9cdf_a^xTKS9ko P SUT9Sc  b)[ak`fkS l
d\e` w [aSUTN`cexeFkdc_acS t Q[ab P `k[]TNj	_qS t j t SUkk^ t SB_]`¡`fe l `feSne\b t dfj\mT9`vr	[aT9[a¢U`vb[qd\ej t d	opS l ^ t S
[]e£d t l S t bd t SUohd}cS t b P Sd t [ac[]e`c_opd\T9j_qShr¤j t SUkk^ t S7_]`WY\ShfS t `v_e^T9S t []oh`v_SprjxS t []T9SUe\bkB` t S
j t SnkSnefbS l  P [ao P }`v_a[ l `vbS)b P []kQ`cjj t df`fo P 
¥@¦\§ ¨©Bªz«%c­¬ `[ab`cb[adfe x® d l ^e	d}gko P SnT9S O dv$j P `ckS/ohdfTNj t SUkk[]	_aSzd}W
  /%/ !</ )
	+ ++<  "!#$	 <	
¦¦  df^kBj t d\jxd\kd\ekW^e	STSUb P d l Se^TS t []^	Sjxd\^ t _]`T9d l Sh_a[ak`vb[qd\e l SnkWb t `cexk[ab[adfek
l Sj P `fkS l `fek>^eSUopd\^	_aSUT9SUe\b>opd\TNj t Snkk[]	_qSf SUk>_adc[]k l Sgj t Snkk[adfe¤jxS t T9Shbb`fefb l ST9d l Sh_a[akS t
_aSUkb t `cek[ab[adfek l SBj P `fkSKkd\efbSUeSUeS t `c_+opd\T9j_qShrSnk#SUb/opd\e l ^	[]kSUe\b R` l Snk l [ oh^_qbSUk/bSh_a_aSUk^	S
_]`edfe ^xe	[aoh[qbS l SUk9kdf_a^b[adfekKSUe\b t dfj[a^	Snkh s df^ tKt SUkdf^ l t SohSj t d\	_ RSnT9S  e	d\^kNj t d\jxd\kd\ekB^xe
ko P SnT9` l S/fdc_]^T9SUk ze	[]k t Sh_]`}rSf ¬ S)ko P SnTN`>SUkb<x`ckS/k^ t ^xekdc_acSU^ t l S w [qSnTN`ceegjxd\^ t ^xe	S_adc[
l Sj t Snkk[adfej_a^kBk[]TNj	_qSf/eSj t do S l ^ t S l"! dfj	b[aT9[]k`cb[adfe l S7_ ! SUe\b t d\j	[qS l STSU_a`fe	cS R`o P `f\^S
jx`ck l SibSnT9jxkjxS t T9SUb l S t ShfSUe	[ tiR`/_]`)_qdf[ l SQj t SUkk[adfe>ohdfTNj	_aSpr	Sc s _]^k[qSn^ t k t SUk^	_ab`vbk e\^xTS t []^	SUk
[aSUeeSUe\b}`v_a[ l S t e	dcb t SB`fjj t d	o P Sc$#ej` t b[]oh^_q[aS tU _aSKko P SUTN`jzS t T9Shb l SKkSh_aSUohb[adfee	S t _ ! ^xe	[a^	S
kdc_]^	b[qd\egj P m	k[a^	Sf




OQP []k<d t [ak l SUcdfbS l bdBb P S)e^T9S t []oh`c_zT9d l Sh_a_q[]e	Kd  j P `fkS/b t `cek[ab[adfeN[]eopd\TNj t Snkk[]	_qS#z^	[ l
zd}#kh>=¤S  d	oh^k9d\e b P S@_q[]^	[ l  }`cjzd t j P `fkS@b t `fek[ab[adfe `v_]kd£oh`c_q_aS l@?A'BDC	E	AECFG >Hxd t b P []kN<S
ohdfek[ l S t b P S
#<^	_aS t km	kbSUT  d t `ce[]e\\[]kop[ l `fe l opdfTNj t SUkk[a	_aS/z^	[ lJI |	 .K bdccSUb P S t Q[qb P `7j t Snk
k^ t SK_]` I |	 | K  P []o P []ek^ t SUk)b P S P m	jzS t xdf_q[]op[ab$md  b P S #<^_qS t km	kbSUT OQP []kWkm	kbSUT P `ckWzShSne
Shr	bSUexk[acSU_qmkb^ l [qS l  zdcb P b P Shd t SUb[]oh`c_q_am`ce l e^T9S t []oh`v_a_amcY\b`fe l ` t l bShrbxdd  kShr	[akbWe	d}¡d\e
b P []kQk^	uSUopbML ..ON  L |c| N  L |v N  OQP SSpr	[]kbSUeohSW`ce l ^e	[]^	SUe	Snkkid  `Nkdc_]^	b[adfebd7b P [akQkm	kbSUT   d t `
fSUe	S t `c_ [ae	[ab[]`v_4ohdfe l [qb[qd\e  [akQkb[a_a_+`cegdfjzSUe@^	SUkb[adfe4
P e,b P Sdcb P S t7P `fe l  b P S w [aSUTN`fee j t d\	_qSnT   P []o P opdfexk[]kbkNbd¤ ze l []e,dfe	S l []T9SUek[qd\e `
kdc_]^	b[qd\e  d t `#j` t b[aoU^	_]` t []e	[qb[a`c_fohdfe l [ab[adfeTN` l Sd  b$<d/opdfexkb`ce\b4kb`vbSUk  []k+jzS t  SUopb_qm^e l S t kbd\d l 
 bW[]k  e	d}#eFb P `vbB`k^jj	_aSUT9Snefb` t m l []kk[]j`vb[qd\e¤o t [abS t [adfeFTB^kbBzS` lxl S l []eFd t l S t bd t Snopd}cS t
^xe	[a^	Sne	SUkkU OQP [akQo t [abS t [adfegoh`ce P `fSkShfS t `v_  d t TNkh OQP S>T9dfkbQop_]`ckk[]oh`c_"o t [qbS t [qd\eki` t SQ
I .K OQP S %`}r SUe\b t d\jfm o t [abS t [adfeRQ[ab7Sprj t SUkkSnkBb P `vb`fefm %`}r Sne\b t dfj\m k P d\^	_ l []eo t SU`fkS[]e
k P d	o  kU
I | K OQP S  `}r7o P ` t `fopbS t []kb[]oo t [abS t [adfeRQ+[abSprj t SUkkSUk b P `vb`>k P do  d  b P STSUQb P  `cT9[q_amNk P d\^	_ l
zS>o t dfkkS l \mb P SSVUQb P o P ` t `copbS t [akb[]ohkopd\T9[ae	  t dfTb P SWb$d9k[ l SUkid  b P S>k P d	o  
I  K OQP S>}`fe	[ak P []e	7[akopd\k[ab$mo t [abS t [adfe3Q[qb#Shrj t SnkkSUkib P `vbQb P SBkdc_]^	b[adfe@k P df^_ l zS>b P S>_q[]T9[qb
d  kdc_]^	b[adfekd  b P S #<^	_aS t km	kbSUT jzS t b^ t zS l fm`Nk^jxj	_qSnT9SUe\b` t m7[]kohdfk[qb$m7bS t Tg
 eb P SBoU`ckSWd  `7k[]TNj	_aSBj t SUkk^ t SW_]`  k^xo P `ckQb P SBjzS t  SUopbf`ck  [ab`fjjxSn` t kib P `cbb P SUkSWb Pt ShS
o t [abS t [adfexkQ` t SWSU^	[a`c_qSne\bhXWQ^	b  d t T9d t SBopd\T9j_qShrg_]`#k#^kS l@ d t b P S9T9d l Sh_a_q[]e	7d  j P `ckS>b t `ce
k[ab[adfek  b P SWcdd l o t [abS t [adfeg[]kQb P SB\[]kopdfk[ab$mo t [qbS t [qd\e"  ekdfT9S>opd\e xf^ t `cb[adfek  dfe	S>oU`ce[ae l ShS l
 e l kSUcS t `c_4kdf_a^	b[qd\ek#k`vb[ak  m[ae	o t [abS t [adfe . d t |  ShfSUe[  b P SBj t SUkk^ t S_]` [aek^ t SUkQb P S P m	jxS t 
zdc_a[]op[ab$md  b P S>km	kbSUT~d t Sj t Snop[]kSU_qm  b P S>j t SU\[adf^xko t [abS t [adfexk` t S)d t l S t S l7 t dfT b P S<Sn`  SUkb
bdNb P S>kb t dfe	fSUkbh-Y cS t m l SUb`v[a_aS l kb^ l md  b P SUkSbdfj[aoUkQoh`cezS  d\^e l []eb P SWb P Snk[]kid [Z `cdf^	Sne
L .  N   e9b P []k t S  S t SUexopSQ`j t dd  d  e	d\e^xe	[a^	Sne	SUkk%[ak`v_]kdc[acSneB[]e9b P S#oU`ckSid  `Wk[]T9j_q[q xS l j P `ckS
b t `fek[qb[qd\ej t SUkk^ t S)_a`W
Hzd t op_]`ckk[]oh`c_<j t SUkk^ t S_a`#k  b P S w [aSUTN`cexe j t df	_aSUT kdc_]^	b[adfe []kNTN` l Sgd  kShfS t `v_<ohdfekb`fe\b
kb`cbSnkkSUj` t `cbS l \mNk P d	o  `fSUk  k[aTNj	_aS#i`cSUk`ce l `>ohdfe\b`fopb l [akopd\efb[ae^	[ab$mc s<P `ckSQb t `cek[qb[qd\e
j t Snkk^ t S_]`#k<TN`mj t SUkSUe\bij`vb P dc_adcf[qSnk<k^o P `fkik_adfjzS l [akopd\efb[ae^	[ab[aSUk  _a`fo  d  ohdfe\cShr	[qb$mNd  b P S
[]kSUe\b t dfjzSUkid t d  b P S!\)^	cd\e	[adcb#oh^ t fSUki[]egb P S I%]^%_ K j	_]`ce	Sfqa OQP SnkS>j`cb P df_qdfc[aSUki_aSU` l bd`7T9d t S
ohdfTNj	_aSpr t SUkdc_]^	b[adfeNd  b P S w [aSUTN`ceej t d\	_aSUT P eS P `fkbdBb`  S/[ae\bd9`coUopdf^xefb<b P S)jxd\kk[]	[q_a[ab$m9d 
ohdfTNjzdfk[qbS/i`cSnkh OQP []k#k^xuSUohb[]kQkb^ l [aS l []egb P S>j`fjxS t d  ~SUe	[  d``ce l s _ad Pt L .Da#N  ¬ _]`ckk[]oh`c_
t S  S t SneopSnk`czdf^bb P S w [aSUTN`ceej t d\	_aSUT  d t ` t [qb t ` t mW^	[ l k<` t S`c_akdbL c N  L |c N  L |vV N  OQP ^k  ShcSne
[  b P S w [qSnTN`cee¤j t df	_aSUT []kWkb[q_a_ ^e	[]\^Sh_amkdf_q}`c_qS  [qb[]k l [ oh^_qbbd@j t `cohb[]oh`v_a_am[]TNj	_aSUT9SUe\b[qb
[]e` ® d l ^e	d}7b$m	jxS>ko P SnTKSf
Y\SUcS t `c_e^T9S t [aoU`v_ T9Shb P d l k P `fSBzShSUeFj t dfjzdfkS l bdkdf_qfSBb P S #^	_qS t km	kbSUT Q[ab P ohdfTNj	_aSpr
j t Snkk^ t S7_a`#kUY\dfT9SgT9SUb P d l k t SU_qm¤dfe `fjj t dr[]TN`vbS w [qSnTN`cee kdc_acS t kdL .  N  L .  N  L | N  OQP SnkS
T9SUb P d l kTB^kbixSoh` t S  ^	_q_amNSUTNj	_ad}mcS l xSnoh`f^kS/ShfSUe7[  b P S)ko P SUT9S/[akSUe\b t d\j	[ao#[qbiTN`mNohdfe\cS t fS
e:egf,hiOjOkVi
V    )
	V ,
bd}` t l k t dfe)kdc_]^	b[adfexk l ^	SQbdWb P S#e	d\e^xe	[a^	Sne	SUkk d  b P S/kdf_a^	b[qd\e" OQP [akjzdfkk[a	_aSQxS P `[qd t [ak
[a_a_a^kb t `vbS l [ae>L .  N   P S t S>`ceSUe\b t d\j	[ao ® d l ^ed}b$m	jxS>ko P SnTKS>ohdfe\cS t fSUkbd l [` S t SUe\b#kdc_]^	b[adfek
`fohohd t l [aeBbd7b P S ¬ H e\^xTBzS t 
 e b P []kNj`cjzS t S  d	oh^xkKd\e kjxSnop[]`v_Qj t SUkk^ t S_]`#khJ=¤Sk^jxjxd\kSgb P `cbKb P Sj t Snkk^ t S_]`[ak
d\	b`c[aeS lB t d\T¡`Wj P m	k[]oh`c_	SUe\b t dfj\mBTN`vr[]T9[q¢n`vb[qd\eBQ[ab P7t SUkjxSnopb bd P [ lxl SUe9}` t [a`f	_aSUkU OQP []k []ke	dcb
` t Snkb t []opb[qd\e  d t j P `ckS>b t `cek[ab[adfek#zSUoU`c^kS>[ab[]kShr`copb_qmgb P SK`mb P SB_a[a^	[ l `fjxd t T9[ r	b^ t SB[ak
oh_a`fkk[]oh`v_a_amT9d l Sh_a_qS l L  N T=FSKb P Sne^kS>b P []k t Snj t SnkSne\b`vb[qd\e[aed t l S t bd l SUk[afe`7 e	[qbSBfdc_]^T9S
ko P SnTKS I  P []o P S  t kb l SUko t [azS l []e>L . | N `ce l L  N	K #<`fo P b[aT9ShkbSnj@d  b P []kko P SUT9SW[]k#TN` l SWd 
b$d7k^xkbSnjk#Q
I .K Y kb`fe l ` t l ® d l ^e	d} t Snkdf_a^	b[qd\e¤b`  []e	[]efbd`coUopdf^xefbWb P S P [ ll Sne }` t [a`f	_aSUkU  e£b P [ak
kbSUj  b P S P [ ll SUe@}` t [a`f	_aSUk` t S>k[]T9j_qmopd\e\cSUohbS l Q[ab P b P SBz^	[ l   b)`cjjzSU` t kQb P `vb/b P S
`ckkdoh[a`cbS l w [qSnT9`fee j t df_qSnT []kBSn`ck[qS t bdFkdf_qfSb P `fe£b P Sgd t [qf[aex`v_d\e	Sc  e l ShS l  b P S
t Sh_]`}r	S l j t SUkk^ t SB_a` Q[ab PP [ ll SUe}` t []`c	_aSUk P `ck)e	dgjx`vb P dc_adccmf OQP []k/kbSnj[]kSnefb t d\j	[]o
zSUoh`f^kS)SW^kS>`cegSpr`cohb w [qSnT9`feekdf_qfS t 
I | K OQP Sne  b P SohdfekS t }`vb[qfS9}` t []`c	_aSUkW` t S  SUj	b  d t b P Sge	Shr	b>b[]T9SkbSUj" OQP Sgj t Snkk^ t SN[ak
`cohb^`c_q[a¢hS l \m7T9`vr	[aT9[a¢h[]e	>b P S)j P m	k[aoU`v_xSne\b t dfj\mKQ[ab Pgt SnkjzSUohbbdKb P S P [ ll Sne}` t [a`f	_aSUkU
OQP []k `cT9df^xefbk+bd)j t dcuSUopbb P S t Sh_]`}r	S l j t Snkk^ t S_]` bd}i` t l kb P S t Sn`v_j t SUkk^ t S_]`W OQP [ak
kbSUj[]kQ`v_]kdNSnefb t d\j	[]o/\mohdfekb t ^opb[qd\e"
OQP S>jx`cjzS t []kib P ^kQd t \`ce	[a¢hS l `ck  df_q_ad}W
Hzdc_a_qd}Q[]e	 b P [ak  efb t d l ^xopb[adfe  b P SkSUopd\e l j` t b7[]k l SUcdcbS l bd ` j t SnkSne\b`vb[qd\e d  ` k[]TNj	_qS
TN`cb P SnT9`cb[]oh`c_  t `fTKSU<d t  d t b P ST9d l SU_q_a[ae¤d  j P `ckS@b t `cek[qb[qd\e" =FSohdfek[ l S t b P S@xd} d 
`Fopd\T9j t Snkk[a_qSg_q[]^	[ l  P []o P []kKk^uSnopb9bd£j P `ckSb t `fek[qb[qd\e I }`cjzd t [a¢U`vb[qd\e K  OQP S[ l SU`[ak9bd
` ll bdb P S7[ae[qb[a`c_ #<^	_aS t km	kbSUT I |	 .K `@ohdfe\cSnopb[adfeFSU^`cb[adfeFQ[qb P ` t SU_a`vr	`cb[adfeFkd\^ t ohSNbS t T
I kSUS I |	 .  K `ce l I | .  K K  d t `9k^xjj	_aSUT9SUe\b` t mNfSUopbd t I^ K oU`v_a_qS l b P S  t `cohb[adfek<cSnopbd t I  P []o P
j_a`m	kb P S t df_qS7d  b P S P [ ll SUe£}` t []`c	_aSUk K  OQP SopdfTNj	_aSpr¤[ae[qb[a`c_j t SUkk^ t SN_a` [ak t Snj	_a`fopS l \mF`
k[]T9j_qS t j t SUkk^ t SW_]` I |	 c K  P [ao P l SnjxSne l kdfe l Snek[ab$m  []efbS t e`v_+SUe	S t fmg`ce l b P S  t `cohb[adfekU O d
b P []kQk[]TNj	_qS t j t Snkk^ t S/_]`[]kQ`ckkd	oh[a`cbS l `cegSUe\b t dfj\mc =¤SWb P Sne l Sh ze	Sb P SWSU^	[a_q[] t [a^T  t `cohb[adfek
 d  b P S t Sh_]`}r`cb[adfekdf^ t opS>bS t T I |	 .  K \m`ced\j	b[]T9[q¢n`vb[qd\e@d  b P SBSnefb t d\j\mQ[ab Pt SnkjzSUohbbd
 )=¤SKk^jjzdfkSBb P `vb/b P S9opdfTNj	_aSprj t SUkk^ t S>_]` [ak t SUopd}fS t S l \m t SUj_a`fop[]e	  Q[ab P [aeb P S
k[]T9j_qSWj t SUkk^ t S)_a`W
OQP SK[ l SU`bd t SUj	_]`cohS>`ohdfTNj	_aSprj t Snkk^ t S>_]` \m`k[aTNj	_aS t dfeS>bdfcShb P S t Q[qb P ` t Sh_]`}r`cb[adfe
j t d	opS l ^ t S P `ckxSUSUe@  t kb#j t d\jxd\kS l fm ¬ d	^	Sh_%`ce l s S t b P `cT9SW[]e>L { N  OQP []k#[ l SU` P `ck/`v_]kdzShSne
Shrj	_qdf[qbS l []e L a N  L . c N  d t b P ST9d l SU_q_a[aed  b$<dcj P `ckSKzd}#kQ[qb P df^	bKj P `ckS7b t `cexk[ab[adfe"#cSne
 P SUe7b P S/b$dBj P `ckSUk` t Sk^xjjxd\kS l bd9xSe	d\eT9[]koh[a_qS  [ab<[]k<eSUopSnkk` t m   d t e^T9S t [aoU`v_ t SU`fkd\ek 
bd l Sp ze	Si`)TK[qr	b^ t Sij t Snkk^ t S_]`W OQP []k T9[ r	b^ t Sij t SUkk^ t S_]` []kd\	b`c[aeS l \mW[]TNjxd\k[]e	j t Snkk^ t S
Sn^	[q_a[] t []^T xSUb$<SUSUeb P SBb$<dj P `ckSUkU  b`cjxjxSn` t kibdzSB^	[qbS>opd\T9j_q[]oh`cbS l  OQP ^k  []egd t l S t bd
^xkS>`fegShr`copb w [aSUTN`fee@kdf_qfS tU [ab#[]kQ[]efbS t SUkb[]e	Nbd t Sh_]`}rb P S>j t SUkk^ t S)_a`W OQP [ak#[ak l dfe	SW[]e L aDN 
L . c N \m7kdf_q[]e	>`>k^jj	_aSUT9SUe\b` t mKopd\e\cSUohb[adfe9SU^`cb[adfe  d t b P Scdf_a^xTKS  t `cohb[adfeNd  d\e	S#^	[ l -Yib





=¤Sb P Sne`cjxj	_qmNb P S)j t SU\[adf^xk<TN`vb P SUTN`cb[]oh`v_  t `cT9Shd t bdK`9j P m	k[]oh`c_T9d l Sh_d  `fjxd t _a[a^	[ l
T9[qr	b^ t Sc>=¤S  t kb t Snoh`c_q_ikd\T9SgSh_a_  ed}#e  `cohbkN`czdf^bKb P S t T9d l mex`cT9[aoUkBd  T9[qrb^ t SUkU>=FS
ohdfek[ l S t b$dz^[ l k P [ao P ` t S9k^jjzdfkS l bdzS7e	dfe¤T9[akop[]	_aSN`cbW`gkTN`v_a_koU`v_aSc OQP S7xS P `[qd t
d  SU`fo P z^	[ l []k)SUe\b[ t Sh_am l Snko t []zS l \m@[abkkjzSUoh[  oBSnefb t d\j\mg P []o P []k`  ^exopb[adfed  b P SNkjzSUoh[  zo
fdc_]^T9S ]  .   P S t S  []k>b P S l SUexk[ab$m  `ce l d  b P Sg[ae\bS t ex`v_Sne	S t cm\ OQP SoU`v_ad t [aoN_]`[ak
t SUohd}cS t S l Q[ab P b P S l S t [a}`vb[acS/d  b P SSUe\b t dfj\m9Q[qb Pt SUkjxSnopbbd\ OQP Sj t SUkk^ t S#_]` [akd\	b`c[ae	S l
Q[ab P b P S l S t [q}`vb[qfS7d  b P SSUe\b t d\jfmQ[qb P t SnkjzSUohbWbd ] FY\dfT9Soh_a`fkk[aoU`v_edcb[adfexk>` t S t Snoh`c_q_aS l Q
fdc_]^T9S  t `fopb[qd\e
	  T9`fkk  t `fopb[adfe
@`ce l Sne	S t cm  t `fopb[qd\ek7d  b P S>}`cjzd t [ae@b P SKT9[qrb^ t ScX=FS
` t Sb P Sne_aS l bd l Sh ze	S/b P S  t `fopb[qd\e7cSnopbd t    I 	 ^  ^  K  P dfkS#Sn`co P ohdfTNjxd\e	SUe\b<[akxSUb$<SUSUe
`fe l . /k[aeWb P S#j P m	k[aoU`v_  `cohbb P `vb b P SQSUe\b t dfj\m>[]k`ce9ShrbSUek[acSQ}` t [a`f	_aS  [ab[akb P Sne7jxd\kk[a_qSibd
fShbi[]e`9^xe	[a^	S>TN`fee	S t b P SBT9[qrb^ t S)Sne\b t dfj\m   ^eohb[adfed  b P SBkjzSUoh[  o/fdc_]^T9S  b P SW[]efbS t e`v_
Sne	S t cm@`ce l d  b P S  t `fopb[adfexk    I 	 ^  ^  K  OQP SUe  b P S9kSUohdfe l j t []eop[]j	_aSKd  b P S t T9d l m	e`fTK[]ohk
bSh_a_ak^k#b P `vb#b P S>Sn\^[q_a[a t []^T  t `cohb[adfekTB^kb t Sn`v_a[q¢US>`7TN`}r	[aTK^T d  b P SBT9[qr	b^ t S>SUe\b t d\jfmf Y/e
[]TNjxd t b`ce\b  `copb[]kb P `cbb P []kWTN`}r	[aTK^T []kW^e l S t b P Sohdfekb t `v[]eb P `vbW`v_a_opd\T9jzdfeSUe\bk)d   ` t S
zShb$ShSneNW`ce l .  OQP ^k [ab l dSnke	dcb<e	SUohSUkk` t [a_qmW[]TNj	_amKb P `vbb P SQ t ` l [qSnefb d  Q[ab P7t SUkjxSnopb bd 
[]kQ¢US t dx   b P SBTN`}r	[]TB^T []k`vbb`c[ae	S l [ae@b P S>[]efbS t [qd t d  b P SKopd\ekb t `v[]egkShb  S t Snopd}fS t b P S  `copb
b P `vbi`ceSU^	[a_q[] t [a^xT []kijxd\kk[]	_qS) P Sneb P S)j t SUkk^ t Snk  bSnTNjxS t `cb^ t SUk`ce l o P SUT9[]oh`v_"jzdcbSUe\b[]`v_]kd 
b P SBb$dgj P `ckSUk/` t S>[ l SUe\b[]oh`c_ I kSUS I | | a'K  I |	 |v{ K  I |	 | K K  P eb P SKdfb P S tP `fe l  b P S9TN`}r	[aTK^T
oU`cezSW`vbb`v[]e	S l dfeb P SWzdf^e l ` t m9d  b P S)ohdfekb t `v[]ekShbh  eb P []kioh`ckS  d\e	_qmNd\e	S)j P `ckS/[]kkb`c	_aSc
 eb P S)b P [ t l j` t bd  b P S/j`fjxS th S/`cjxj	_q[aS l b P Sj t Sh[qd\^kb P Shd t m9bd9`KT9[qr	b^ t Sd  b$<d9j P `ckSUk
k`vb[ak  m[aeb P S9kb[` SUeS l \`ckSU^`vb[qd\e@d  kb`cbS I  .K   ed t l S t bd P `fS>k[]TNj	_qS t ohdfTNj^	b`vb[qd\ek 
SQk^xjjxd\kSb P `vb b P Sb P S t TN`v_	Sn\^[q_a[a t []^T`c_qi`m	k P df_ l kh  eBb P []k `m  [qb []k jxd\kk[]	_qSibd)SU_q[]T9[aex`vbS
b P S7SUeS t cm  t `cohb[adfe  t d\T b P S^e  e	d}#ekU OQP Sne  `ce¤[aTNjzd t b`fefb  Sn`vb^ t S7[]kWb P `vbWb P S t SUk^	_qb[ae
T9[qr	b^ t Sj t SUkk^ t SQ_]` []kkb[q_a_z`>kb[ ` SUe	S l f`fk _a`W WQ^	bb P SSn^	[q_a[] t []^Tj t SUkk^ t SQ_]` []k<edBT9d t S
`Nkb[ `Sne	S l \`ck_a`W
OQP SneS`v\`v[]e7k[]TNj	_a[  mNb P S)T9d l Sh_ \m9k^jjzdfk[]e	>b P `vbb P S/b$<dBj P `ckSUk<` t SjxS t  Snopb<f`ckSUkU  e
b P []k oh`ckS  [ab [ak `c_akdjxd\kk[a_qSbdSh_a[]TK[]e`cbSib P Sifdc_]^T9S  t `cohb[adfe>[]eKb P S#T9d l Sh_  b P Sidfe	_am t SnTN`v[]e	[ae
 t `cohb[adfe@[]k#b P SUeb P SKTN`fkk  t `fopb[adfe  OQP S9T9[ r	b^ t SBj t Snkk^ t SW_a` []k/kb[a_q_ `jzS t  SUohbf`fkQ_]`W  
d\e	Sdfj	b[aT9[a¢hSnkQb P S>T9[qr	b^ t SWSUe\b t dfj\mQ[ab P@t SUkjxSnopbibdg<S t SUohd}cS t b P SBj P `fkSb t `fek[ab[adfeT9d l Sh_
kb^ l [qS l \m Z `cdf^	Sne[]eJL .  N 
OQP S  df^ t b P j` t bQ[]k l SUcdcbS l bdb P S>kb^ l mgd  b P S w [aSUTN`cexej t d\	_qSnT `fkkd	op[]`vbS l bd7b P SKj t Snk
k^ t SB_]`(d  b P SNj t SU[qd\^kkSUohb[adfe" =¤SN t [aSpxm@Shr	j_a`c[ae P d}([qb)[akjzdfkk[]	_aSBbdohdfekb t ^opb)kSUcS t `c_
Sne\b t dfj\mkdf_a^b[adfekbdNb P S w [qSnTN`ceej t df	_aSUT OQP []kQopdfexkb t ^ohb[adfe[akQe	dfbid t [qf[ae`c_"`ce l [akiSne\b[ t SU_qm
ohdfe\b`c[aeS l [aeb P SWb P Snk[]kid  Z `cdf^	Sne L .  N  H [ t kb  `fegSne\b t dfj\mk P do  kdf_a^	b[qd\e[]kQopd\ekb t ^opbS l  OQP S
t [a P b/kb`cbSBd  b P S9k P d	o  [ak)[]e`jx^ t SNj P `fkSK P [a_qS9b P S9_aS  bkb`vbS9_a[qSnk[]eb P S9k`vb^ t `vb[adfe t Shf[qd\e
I b P Sb$dFj P `fkSnkB` t S`cbKSn^	[q_a[] t []^T K JYedcb P S t kdf_a^	b[qd\e []kK`c_akdFohdfekb t ^opbS l Q[ab P b P S@k`fT9S
t [a P b>`ce l _aS  bK[ae	[ab[]`v_<kb`vbSnkh  b>[]k>ohdfTNjxd\kS l d  k P d	o  kW`fe l `opd\e\b`cohb l []kohdfe\b[]e^	[qb$mf  bB[ak
j t d}fS l []eL .  N b P `cbb P [ak_]`vbbS t kdc_]^	b[adfeN[]kb P S/dfe	_amNdfe	S/ P [ao P jxd\kkSUkkSnk`B\[]kopdf^xkj t dv x_aSc  b[ak
e:egf,hiOjOkVi
    )
	V ,
b P ^kib P SWfdd l  j P m	k[aoU`v_   kdc_]^	b[adfe"
 eb P S    b P j` t b  Sj t SnkSne\b"b P Sj t dcuSUopb[qd\e/ko P SnTKS`fe l }`v_a[ l `vbS [ab4d\eb P S`fe`v_amb[]oh`c_vkdf_a^	b[qd\e
x^	[q_ l [ae£kSUopb[qd\e  d\^ t  OQP S l Snko t []j	b[adfe[akfS t mk[]TNj	_aSc #<`co P b[]T9SkbSUjFd  b P S9 ze	[abS7fdc_]^T9S
ko P SnTKS[akKT9` l Sd  b$<dkb`ccSnkh  e b P S7  t kbKkb`vfS  `k[aTNj	_aS ® d l ^ed}¤ko P SUT9S[]k>SnTNj	_qd}mfS l 
OQP ^k  b P SWkdf^ t opS/bS t T[]eb P S  t `fopb[qd\ekiopdfe\fSUopb[qd\e7SU^`cb[adfe I |	 .  K []kie	dcbib`  Sne[]efbd9`fohohdf^e\bh
WiSnoh`c^xkS>[]eb P [ak)kb`vfS>b P S9j t SUkk^ t SW_]` [ak)k[aTNj	_a[  zS l  [ab/[]k/jzdfkk[a	_aS>bdg^kSK`feSpr`cohb w [aSUTN`cexe
kdc_acS t `ce l bd P `fSWb P S9opd tt SUopbiSnefb t d\j\m l []kk[]j`vb[qd\e"  e@b P S9kSnopdfe l kb`ccS  b P S  t `fopb[qd\egfSUohbd t
 [akiT9d l [q xS l []ek^o P `Ki`mKbdKTN`}r	[]TK[a¢hS/b P S)SUe\b t d\jfm9d  b P ST9[ r	b^ t S/[aeSU`co P opSh_a_  OQP [akkb`vfS
[]kopdfexkS t }`vb[qfS  xSnoh`c^xkS/b P S l SUexk[ab$m  cSU_qd	oh[qb$m7`ce l SUe	S t fm7` t Se	dcbiT9d l [  zS l   b[aki`v_]kd>SUe\b t dfj\m
l [akk[]j`cb[acSfmgopdfexkb t ^ohb[adfe"
=¤S/[a_a_a^kb t `vbS#b P SUe7b P S)j t dcuSUopb[qd\eNko P SnT9Sdfeb P S/cS t mNk[]TNj	_qS/bSnkboh`ckS#d  ` l df^x	_qS t ` t S  `cop
b[qd\e¤`fSK[]e£`@`cbS t zd}W   b P Sj P `fkS7b t `fek[qb[qd\eS t Se	dcbb`  SneF[]e\bd`coUopd\^e\b  SN<d\^	_ l
d\kS t cSb P `vbib P S l SUexk[ab$m7d  `cbS tU ShfSUeg[aegb P S t ` t S  `fopb[qd\e t SUc[adfe  df^	_ l t SUTN`c[aed  b P Sd t l S t
d  . cc  x T  `fe l b P `cb7b P Sj t SUkk^ t S<d\^	_ l zSUohdfT9Skb t d\e	c_am e	SUf`vb[qfSc  e l SUS l  e	Sh\`vb[qfS
j t Snkk^ t SUkBoU`ce _qd	oh`c_q_am `ce l  t [qShxm `cjjzSU` t []e `F_q[]^	[ l  b P Shm k P df^_ l b P SUe,zSoU`v_a_qS l EOG CFG 
WQ^	bW[]e£b P S¢hd\e	S7d  e	Sh\`vb[qfSNj t Snkk^ t SUk)b P S_q[]^	[ l df^_ l b P Sne xS[ae£`T9Shb`ckb`f	_qS7kb`cbS`ce l
df^_ l xSWk^uSUohb<bdN`fjxd t [a¢U`cb[adfe"  bQTB^kbQxSWjzdc[]efbS l df^	bib P `vbi[  b P SWoU`\[ab`cb[adfe7[]kie	dcbib`  Sne
[]e\bdB`fohohdf^e\b  b P S)`cjjx` t [qb[qd\eKd  e	Sh\`vb[qfS#j t Snkk^ t SUk []ke	Sh[ab P S t `>TN`cb P SnT9`cb[]oh`c_ze	d t `>e^T9S t []oh`v_
j t d\	_qSnTMHxd t Spr`cTNj	_aS  b P S7T9d l Sh_ []k)kb[a_a_ P m	jzS t xdf_q[]ov Hxd t T9d t S l Shb`v[a_akd\eb P [akWk^uSnopb  <S
t S  S t bddf^ t j t Sh[qd\^kQd t kML V N    b P SKSUe\b t dfj\m[akdfj	b[aT9[a¢hS l Q[qb Pt SnkjzSUohb#bd  `vb/SU`fo P b[]TKS
kbSnj SdfkS t cS7b P SUe b P S`cjj` t [ab[adfe£d  `}`cjzd t ^	_aS[]e b P ST9[ ll _aSd  b P SopdfTNj^b`vb[qd\e
l dfTN`v[]e" OQP S l Snek[ab$m[]eb P S7^	_aS9[akWTK^o P _ad}<S t `fe l b P S7j t SUkk^ t S t SUTN`c[aek)jzdfk[qb[qfSc OQP S
^`c_q[ab`cb[acSxS P `[qd t d  b P Sij t dvuSnopb[adfeBko P SnT9S<[]k%b P ^k k`cb[]k  m[]e	x8=FSQ`v_]kdcS t [  mW^`ce\b[ab`cb[acSU_qm
b P `vb/[qb)[]k)`f	_aSBbd t Snj t d l ^opS>b P SNj P mk[]oh`v_SUe\b t dfj\m@kdf_a^b[adfeohdfekb t ^opbS l []ekSUohb[adfe  d\^ t   b)[ak
[]TNjxd t b`ce\bibd7e	dfb[]opS P S t Sb P `vbib P S>e^T9S t []oh`c_4kdf_a^	b[qd\e l d\SnkQe	dcb l SnjxSne l dfeb P S ¬ H e^TKxS t 
=¤S9Sprj	_]`v[]e@b P S9cdd l zS P `[ad t d  b P SNj t dvuSnopb[adfeko P SnTKS9\mb P S  `copb/b P `cb/b P SKj t d l ^ohb[adfed 
Sne\b t dfj\md	ohoh^ t ke	dfb)d\e	_am[aeFb P S ® d l ^e	d}kbSUj¤^	b>`c_akd@xSnoh`c^xkSNd  b P S7j P `ckS9b t `fek[qb[qd\e"  b
[]k/[aTNjzd t b`ce\b)xSnoh`c^xkS9`f_qd\`v_SUe\b t dfj\mj t d l ^opb[qd\e[ak)e	dfb)k^op[aSUe\bh P e	S9opd\^	_ l [aTN`cc[]e	S   d t
Shr`cTNj	_aS  `e	dfe$j P m	k[]oh`c_k P do  [ae£b P SgT9SUb`ckb`f	_aSTKd l SU_  Q[ab P `_ad	oh`v_ l SUo t Sn`ckS9d  SUe\b t dfj\m 
ohdfTNjzSUek`vbS l \mFb P SSne\b t dfj\mFj t d l ^ohb[adfe l ^	Sgbdb P Sgj P `ckSb t `cek[ab[adfe" OQP Sc_adf`c_SUe\b t dfj\m
j t d l ^ohb[adfeoh`fegzSWjxd\k[ab[acS  ^	bQb P S>kdf_a^	b[qd\e[]kQe	dfb#j P mk[]oh`v_ 
Y\Snopb[qd\e /[ak b P SUe l ShfdcbS l bd)`|
	k[aTK^	_]`vb[adfe>[aeKd t l S t bd)[a_q_]^kb t `vbS<b P SQ`f	[q_a[ab$mWd  d\^ t ko P SnT9S
bd l Sn`v_Q[ab P j P m	k[aoU`v_ohdfe x\^ t `vb[adfexkh OQP [akbSnkb[]kfS t mBk[aT9[a_a` t bd>b P S#d\e	Sj t dfjzdfkS l \mMWQ^	b_qS th
¬ d	oUo P [4`ce l Y`f^ t SU_"[ae L | . N  OQP Sfdf`v_"[]kibdohdfTNj^	bSWb P Szd}` t df^xe l `fe P m	jzS t kd\e	[ao)j t dvuSnopb[a_aS
l [qfS l [ae\bd7`cbS t `cb#`NcSU_qd	op[ab$md  . cc9T}kU Y(kb t dfe	 l Snj t SUkk[adfe`cjjzSU` t ki[]eb P SB`  Sd  b P S
j t dcuSUopb[q_aS  b t [acfS t [aeKb P SW t d}Qb P d  `Noh`[ab`vb[qd\egjzd	o  SUbh =¤SB` t SW`c	_aSWbd t SUj t d l ^ohSWopd tt SUopb_qm
b P []kQj P SUedfT9SUe	d\e"





 26<;T5:7	 5:423481#< 26<5:1
=¤S#opd\ek[ l S t b P SQb$dv$j P `fkS}`cjzd t  _a[a^	[ l T9[qr	b^ t SQ`ck `k[]e	f_qSQopd\TNj t Snkk[]	_qSiT9S l []^T Q[qb P I []e
. 	 K l Snek[qb$m  I ^  K  fSh_adoh[qb$m I ^  K  []efbS t e`v_Sne	S t cm  I ^  K `fe l j t Snkk^ t S _8I ^ K  `v_a_ l SUjzSUe l [ae	
d\eb P S<b[]T9S}` t [a`f	_aS  `ce l b P S<kj`fopS}` t []`c	_aS   ¬ dfexkS t }`vb[qd\e)d  TN`ckk  T9dfT9SUe\b^T `ce l Sne	S t cm
`fe l  ShQbdfe ! ki_]`  d t []e\[akop[ l zd} _aSU` l bdNb P SWb Pt ShS #^	_qS t SU^`cb[adfek#Q
 I   K    ^
I   K  I  !  _ K    ^I |	 .K
I      !  | K   I I      !  |  _ K  K    "
  b P S@zd} []k7e	dcbNbdd  `ckb  [  Sf,[  b P SSn\^[q_a[a t []^T zShb$ShSne b P S_q[]^	[ l `fe l [abk`fjxd t [ak
`fo P [aShcS l7 d t `v_a_ I ^ K  b P SWj t SUkk^ t S)d  b P SW P dc_aST9[qr	b^ t S l SUjzSUe l kidfe	_amdfeb P S l SUexk[ab$m  `ce l
b P SW[]efbS t e`v_ Sne	S t cm \[=¤S>k P `c_q_" t [abS
I |	 | K _  >_#%$I  ^  K "
OQP []k)SU^	[a_q[] t [a^xT j t Snkk^ t SB_]`([ak)fSUe	S t `c_q_am^	[abS7ohdfTNj	_aSpr  `ce l TKd t SK[aTNjzd t b`fefb  _qSn` l k/bd
^xeop_]`ckk[]oh`c_<zS P `[ad t k>d  b P S@kdf_a^b[adfek#Qe	dfe	^e[a^	Sne	SUkk>d  b P SSUe\b t d\jfm£kdc_]^	b[adfe  ohdfTNjzdfk[qbS
i`cSnkh =¤SF[]ek[akbgd\eb P S  `fopbb P `cbg[ab P `cke	dcb P []e	 bd l d Q[ab P ` l S  SUopbd  P m	jzS t xdf_q[]op[ab$mc
sP `ckS7b t `cexk[ab[adfe j t SUkk^ t SN_]`#kBe`cb^ t `v_a_am[]ek^ t Snk>b P S P m	jxS t zdc_a[aoh[qb$mf Hxd t Spr`cTNj	_aS  b P S'&`fe
l S t =£`c`c_akBj t Snkk^ t S7_a`[]kB`` l T9d l Sh_d  j P `fkS7b t `fek[ab[adfe4  b P `ckBbdzST9d l [q xS l \m¤b P S
~`}r	<SU_q_ ! k opdfexkb t ^ohb[adfeB[aeNd t l S t bdWSh_a[]TK[]e`cbSQb P SQSh_a_q[]j	b[]o t Shf[qd\e  `ce l b P S#T9d l [  xS l _a` [aexk^ t SUk
P m	jzS t xdf_q[]op[ab$mc
=¤SQj t d\jxd\kS[]e>b P [ak kSUohb[adfeB`T9d t SfSUe	S t `c_\T9d l SU_  []eK P [ao P S l de	dfb k^jjzdfkSi`ce\m	TKd t S<b P S
Sn^	[q_a[] t []^T d  b P S9b$<dcj P `ckS>TK[qr	b^ t Sc =¤S P `fS>b P ^k)bd[]efb t d l ^xopSBk^jj	_aSUT9Snefb` t m@` t []`c_qSnk
`fe l b P Sj t SUkk^ t SKQ[q_a_`c_akd l SUjzSUe l dfeFb P SUkS9}` t []`c	_aSUkU OQP [ak>j t Snkk^ t SB_]`¡Q[a_q_zSoh`c_q_aS l b P S
t Sh_]`}r	S l j t Snkk^ t SW_a`W)WSnoh`f^kSWb P S t SUk^	_ab[]e	T9d l Sh_%[]kd\^	b#d  Sn^	[q_a[] t []^T  <S9k P `c_q_ l SUedcbSK[qb
`fkib P SWT9Shb`ckb`f	_qSWT9d l Sh_ 
P ohdf^ t kSSQ[a_q_"`v_]kd P `fSbd9cd9`co  bdKb P S/Sn^	[q_a[] t []^T j t SUkk^ t S/_a`W OQP []k<Q[a_a_ zS l dfe	S
b P `ce  k bd>`Wj t dvuSUohb[adfe9T9Shb P d l -Y_qb P df^ P [qb df^_ l zSQ[ae\bS t Snkb[ae)bd>`coUopdf^xefb  d t b P S l mex`cT9[ao
d  b P SBj P `ckSWb t `cek[ab[adfe  S l dedcb l Sn`v_4Q[ab P b P []kj t df	_aSUT P S t S>`ce l u^kb/^kSBb P SBT9SUb`ckb`f	_aS
T9d l SU_"[aed t l S t bd7opdfTNj^bSWb P SWSU^	[a_q[] t [a^T TKd l SU_ 
| .  )(z¦+*¦n &-,-.c¦« £¦\UUU& ¦ £ª4«%¦&0/ Y k^jxj	_qSnT9SUe\b` t mcSnopbd t d  }` t []`c	_aSUk  oU`v_a_qS l b P S
 V #", $  I ^  K [ak4^xkS l [aed t l S t bdT9d l SU_v}`cjzd t [q¢n`vb[adfe4 OQP Sopd\TNjxd\e	SUe\bk 21 .43 S 3 _
k`vb[ak  m
I |	  K  3  1 3 . "
=¤S`v_]kd9k^jxjxd\kS/b P `cb< P Sneb P S^	[ l [akj^ t S)_q[]^	[ l 51     `ce l  P SUeb P S/z^	[ l []kj^ t S/}`cjzd t
 1   . = P SUe£e	dj P `fkS9b t `cexk[ab[adfedoUoh^ t k  b P S t SN[]kWe	d@b t `cek  S t zShb$ShSUeFb P S7_q[]^	[ l `ce l [abk
}`fjxd th b P ^k#<SW`v_]kd P `fSWjxS t  SnopbQopd\effSUohb[adfed  b P S  t `copb[qd\ek#Q
I |	 V K        	"
e:egf,hiOjOkVi
{    )
	V ,
=¤S P `fS/bdNoh_qd\kSb P SUkSSU^`vb[qd\ekiQ[ab P `Nj t Snkk^ t S/_]`
I |	 c K _  >_8I  ^  ^  K "
= P SUe9SU^`cb[adfek I |	 .K  I | V K `fe l I | c K ` t Siohdfek[ l S t S l  SQQ[a_q_xkjzSU`  d  b P S  E%A  E%A    F  
 e l ShS l  []e¤b P []k>T9d l Sh_b P S  t `copb[qd\e£` t S9k[aTNj	_amFohdfe\cSnopbS l [ae¤b P SNxd}  `fe l b P ^k  b P S t S9[]k>e	d
b t `fek  S t xSUb$<SUSUegb P SWb$d7j P `fkSnkh
 b[]kNSh_a_  e	d}#e b P `vb7b P Skdc_]^	b[adfe d  T9d l Sh_ I |	 .K  I |	 V K  I | c K [akedcb^e	[]^	S`ce l b P `vb
`k^jxj	_qSnT9SUe\b` t m£opd\e l [ab[adfe P `fk>bdFzSg` lxl S l bd t SUkb t [aohb>b P SgkShbBd  kdf_a^b[adfekU Hxd t `Fk[]TNj	_qS
j t Snkk^ t SW_a`  b P []k)oh`cezSN`ce@SUe\b t d\jfm t d}Qb P o t [abS t [adfe"TWi^b[ab/oh`fezSKe	SnopSUkk` t mbdgSUe\[ak`vfS
dfb P S t o t [qbS t [qd\ekW`ck l SUko t [azS l []e£b P S  e\b t d l ^ohb[adfe"d= [ab P ]   .  `fe¤SUe\b t dfj\m[]k>`opd\eoh`fS
 ^xeopb[qd\e    I] ^  ^  K kdf_a^	b[qd\ed  b P S  t kbid t l S t<s 	 #
I |	  K 
	 U _8I . ]^  ^  K 
   	"
® Sne	S t `v_a_am  dfe	SWoU`ce ze l kSUcS t `c_Sne\b t dfj	[aSUkU 	)Sp e	[ae7b P SWbSUTNjxS t `cb^ t Sfm
I |	 a'K    .   ^
S t Snopd}fS t b P S>oh_a`fkk[aoU`v_ t Sh_]`vb[adfe
I |	 { K        _  ] "
OQP ^k  o P d\d\k[]e	¤`ce Sne\b t dfj\m `cT9df^xefbk9bd£o P ddfkSgb P S@bSUTNjzS t `vb^ t S@koh`v_aSc  b7jxS t T9[abkN`v_]kd¤bd
t SUohd}cS t b P S>j t SUkk^ t S_]`\m
I |	  K _     	 "
Y,f[qfSUeKSUe\b t dfj\m[akoh`v_a_aS l ` ?OF    ,E   AECF,GF #E	AEMI kSUSL .Da N%K zSUoh`f^kS[ab jxS t T9[abk bd t Snopd}cS t
b P SWj t SUkk^ t S_]` I |	  K `ce l b P SoU`v_ad t [ao_a` I |	 a'K [= P SUegdfeS)kb^ l [qSnkib P S l m	e`fTK[]oxS P `[qd t d 
`7ohdfTNj t SUkk[]	_aS^	[ l  `ce[]eopd\TNj	_qSUbSWSn\^x`vb[adfed  kb`cbS I b P SBj t SUkk^ t S)_]` K [ak#k^op[aSUe\bUWQ^	b#[ 
d\e	S>Q[]k P SUk/bdgT9d l SU_%`7b P S t T9d l m	e`cT9[]o  SU`cb^ t SKk^o P `ck/b P SKj P `fkSBb t `cek[qb[qd\e  [qb/[ak)e	SUohSUkk` t m
bdW r9b P S/bSUTNjzS t `vb^ t S#koh`c_qS#`fe l b P ^k`>opd\T9j_qSUbS#Sn\^x`vb[adfe9d  kb`cbSQ[]k t SU^	[ t S l   eNb P S/kSU^	SU_ 
Sb P SUe,k^jjzdfkSb P `vb9dfe	S@j` t b[]oh^_a` t SUe\b t d\jfm P `fkKzShSne kSh_aSUohbS l  OQP Sohdfekb t ^ohb[adfe d  b P S
T9[qr	b^ t SNSUe\b t dfj\m  t dfT b P S7Snefb t d\j	[aSUkd  b P S7b$<dj P `ckSUkW`ce l t dfT j P mk[]oh`v_ohdfek[ l S t `vb[qd\ek)[ak
l SUko t [azS l xSU_qd}W
Y\[]TNj	_aS>opdfTNj^b`vb[qd\ekQk P d}#kb P `cb#` t Sh\^	_]` t kdf_a^	b[qd\ed  km	kbSUT I |	 .K  I |	 V K  I | c K k`vb[ak xSnk
I |	 .  K         ^
 P []o P oh`fegzS>oh`fkbi[]efbd7`9ohdfekS t }`vb[qfS  d t T
I |	 ..K I   K  I    K   "
= P Sne l SU`c_q[]e	Q[qb P l [akopd\e\b[]e\^df^k kdc_]^	b[adfek  b P SQ_a`cbbS t P `ck bdWxS t SUj	_]`cohS l fm9`ceK[aeSU^`vb[qd\e
[]egd t l S t bd t SUohd}cS t ^e[a^	Sne	SUkk




| |  *Uª §,fª %	 ,  & ¦U	* ,  , ª*£ª4«%¦&  /  ed t l S t bd7b`  Sj P `fkSb t `fek[ab[adfeg[]efbd7`co 
ohdf^e\b  <S P `fS/bd` ll `Nkd\^ t ohS/bS t T bd9Sn^`vb[qd\e I |	 V K
I |	 .  K         "
#^`vb[qd\ek I | .K  I |	 c K bdcfShb P S t Q[ab P I | .  K Q[a_q_<xS t S  S tt S l `ck>b P SoU`[qb`vb[adfeFd t EAG C	ECFG
  F    eb P S>oU`ckS P S t S/b P S>j P `fkSb t `fek[ab[adfe[ak#[ae e	[qbSh_am  `fkb  <SQ[a_q_+`c_qi`m	k P `cS
I |	 . V K     'I  ^  K ^
zSUoU`c^kSb P S t Snj` t b[ab[adfeNd  _a[a^	[ l `fe l }`fjxd t []kiopdfTNj	_aShbSh_am l ShbS t T9[ae	S l \m7b P S)j P `ckS l []`v t `fT
=¤S t SU^	[ t S)b P `cbib P S t SUk^	_ab[]e	7j t Snkk^ t S/_]`[]kQSpr`fopb_am7b P SWSU^	[a_q[] t [a^T j t Snkk^ t S/_]` I |	 | K
I |	 . c K _   _8I  ^  ^   I  ^  K K   _# $,I  ^  K "
 bQ[]kQb P SUee`vb^ t `c_"bd7opd\ek[ l S t I `fki[aeJL { N%K ` t Sh_]`}r`vb[qd\ekdf^ t opS)bS t T d  b P S  d t T
I |	 .  K   
	RI  I  ^  K U  K ^
`fe l _qSUbb[]e	 	 
Y^xjjxd\kSWb P SUeb P `vbib P SWSU^	[a_q[] t [a^T  t `fopb[adfexk  ` t S l Sh ze	S l \m
I |	 .Da K  I  ^  ^  I  ^  K K   TN`vr  I  ^  ^  K ^
 P S t S []kWb P SkShb>d  ` l T9[akk[]	_aSj` t `cT9SUbS t kU OQP SUe  b P `ce  kWbdb P Sgopdfexoh`[qb$md     d t b P S
oU`[qb`vb[adfegT9d l Sh_"S P `cS`v_]kd
I |	 . { K
       
   I       K ^
 
	   I  U  K
 	I  I  K U  I  K K
  ^
OQP SBSUe\b t d\jfm@opd\e l [ab[adfe[]k/b P ^k t SU[ae  d t opS l  P SUeohdfTNj` t S l bdb P SNTKSUb`fkb`c	_aSBT9d l Sh_ zSUoh`f^kS
b P S#j t d l ^opb[qd\e9d  SUe\b t dfj\m>d	ohoU^ t k e	dcb d\e	_qmB[ae7k P d	o  k ^	b`v_]kdzSUoU`c^kSQd  b P Sj P `fkSib t `cexk[ab[adfe"
 bW[]kW[]TNjxd t b`ce\b>xSnoh`f^kS`@f_qd\`v_ Sne\b t dfj\mj t d l ^opb[qd\eF[]k>e	dfb>k^	7oh[qSne\bh P eSopdf^_ l []T9`cc[]e	S 
 d t Shr	`fTNj	_qS  `>edfe$j P m	k[]oh`c_xk P do  []eNb P S)TKSUb`fkb`c	_aST9d l Sh_  Q[ab P `W_qd	oU`v_ l SUo t SU`fkSQd  SUe\b t dfj\m 
ohdfTNjzSUek`vbS l \mFb P SSne\b t dfj\mFj t d l ^ohb[adfe l ^	Sgbdb P Sgj P `ckSb t `cek[ab[adfe" OQP Sc_adf`c_SUe\b t dfj\m
j t d l ^ohb[adfeoh`fegzSWjxd\k[ab[acS  ^	bQb P S>kdf_a^	b[qd\e[]kQe	dfb#j P mk[]oh`v_ I kSUS L .  N `ce l kSUopb[qd\e I Vx | K K 
| x % ,"¦¦+*Uª §	/WOQP STN`vb P SUTN`vb[aoU`v_  t `cT9Shd t [ak7e	d} kSUbh =FSk P d} []e b P []kkSUo 
b[qd\eb P `vb[ab[akWjzdfkk[]	_aSKbdopdfexkb t ^ohb)`@j P m	k[aoU`v_ T9d l Sh_  d t j P `ckSKb t `fek[qb[qd\exd}#k)[]ek[ l SNb P [ak
 t `cT9SU<d t 3=¤S P `cS  t kbbd)ohdfek[ l S t b P Sib P S t T9d l mex`cT9[ao<xS P `[qd t d  `)TK[qr	b^ t Sd  b$d^	[ l kh
 ShbxS>`NkTN`v_a_"cdc_]^T9Sd	ohoh^xj	[qS l \mb P SWb$dBz^[ l k# P [ao P S)[]e l Shrg\m I .K `ce l I | K  OQP S
^	[ l I S K  x_a_akQ`Kcdf_a^T9S 1 []e`fe l S P `cS   !     [  Sc b P Sb$<dKz^	[ l ki` t S)edcbiTK[]kop[]	_qS`cbQ`9kTN`v_a_4koU`v_aSc OQP SWfdc_]^T9S  t `cohb[adfegd  ^	[ lI S K []k l Sh ze	S l \m




.     )
	V ,
Yib `)kTN`v_a_	koU`v_aS  b P S l SUek[qb$mWd  z^[ lbI S K [ak  1  Wi^b zSUoU`c^kS^	[ l I S K l dSUk%e	dfb z_q_	`v_a_b P Sifdc_]^T9S
  b P SN`cjxj` t SUe\b l Snek[qb$m I `vb)_a` t fSBkoU`v_aS K [ak  1   	 1  1  OQP S9TK[qr	b^ t S l SUek[ab$m[ak        ! "OQP STN`fkk  t `cohb[adfegd  ^	[ lI S K []k l Sh ze	S l \m
I |	 |v K  1  
 1
 "
P eb P S>dcb P S tP `ce l  b P SB_a` t fSkoh`c_qS>TN`fkk[aoSne	S t cm[akQ_a[]e  S l bd7b P SBkTN`c_q_+koh`c_qS>TN`fkk[ao)Sne	S t cm
\m  1     1   bQ[akib P SUe@jzdfkk[]	_aSbd l Sp e	SWb P SWSne	S t cm  t `cohb[adfed  z^	[ l I S K fm
I |	 | .K  1  
 1
 "
=¤S>`v_]kd9kShb 	   	              I `fe l b P ^k 	 !   . U 	   !   . U    !   . U  K  d}  b P SBb P S t T9d l mex`cT9[aoWzS P `\[ad t d  SU`fo P z^	[ l [ak/opd\T9j_qSUbSh_am l ShbS t TK[]e	S l fm@[abk/kjzSUoh[  zo
I [  ScjzS t TN`fkkQ^e[qb$m K SUe\b t dfj\m  ^xeopb[qd\e
I |	 |c| K  1    1 I ] 1 ^  1 K ^
 P S t SS P `fS l Sh ze	S l b P SkjzSUop[q zo<cdf_a^T9S ] \m ]   .   e l SUS l  `ck%`v_ t Sn` l mSprj	_]`v[]e	S l zS  d t S 
b P S>oh`c_qd t []o#_]`   P []o P Sprj t SUkkSnkb P SWbSnT9jzS t `vb^ t S  1 d  z^	[ lI S K  [ak t SUohd}cS t S l fm




`fe l b P S>j t SUkk^ t S)_]` []kic[acSUe\m




OQP SUe `coUopd t l []e	 bd b P S¤kSnopd\e l j t []eoh[aj	_aSd  b P S t T9d l m	e`cT9[]ohk  b P SFSUe\b t dfj\m []k`fe Spr	bSnek[qfS
}` t []`c	_aScY\SUbb[ae	    I 	 ^  ^  K  [abBT9SU`cexkb P `cbWb P ST9[qrb^ t SkjzSUoh[  zoNSne\b t dfj\m[akBe	SUohSUkk` t [a_qm
f[qfSUegfm
I |	 |c K  I] ^  ^  K      I 	  ]^

 
K  I . U  K  ! I
. U 	
. U  ]^
. U 
. U   K "
 bQ[]kiSU`fkm7bdo P SUo  b P `vb >[akQohdfeoU`cS)Q[qb Pgt SUkjzSUopbibd I]^  ^  K  b P `fe  kibd7b P SohdfeoU`[qb$m7d   1 Y/ohopd t l [ae	¤bd¤b P SkSUohdfe l j t []eoh[aj	_aS  <S@`v_]kd  e	d}b P `vbNb P SSU^	[a_a[a t []^T  t `fopb[qd\ekBfSUohbd t
TK^kbik`vb[ak  m
I |	 |  K  I] ^  ^  K   TN`}r     I%]^  ^  K "
= P SUeb P SKT9`vr	[aTK^T[]k#`vbb`v[]e	S l []eb P SW[]e\bS t [ad t d  b P S>opd\ekb t `c[aekShb  [  Sc[      .  [abQ[ak
o P ` t `copbS t [q¢US l \m
I |	 | a K   
  	
  ]3I _ XU _ ! K    ^
I |	 |v{ K   
  
   I   U  ! K    ^
I |	 | K   
  
  U I    U  !  ! K    ^
 e
 	
! "#$%'&)(*,+- . .
 P S t S  1 []k b P SQkjxSnop[q zo ® [axk  ^eohb[adfe9d  z^	[ lbI S K I d t b P S<^	[ l I S K o P SnT9[aoU`v_	jxdfbSnefb[a`c_ K l Sh ze	S l
\m
I |	 c K      _] U  "
=¤S t Snopd}fS t b P S)<SU_q_  e	d}#e  `fopbib P `vbQ`Kj P `ckS/b t `fek[qb[qd\e7d	ohoh^ t ki`vbiopd\ekb`ce\bbSnT9jzS t `vb^ t S/`ce l
j t Snkk^ t S)`fe l b P `vbQd\eb P S>k`vb^ t `cb[adfeoU^ t cS  b P S>o P SUT9[]oh`c_ jzdcbSUe\b[]`v_]kQ` t SSU^`c_ 
OQP S>T9[qr	b^ t SSUe\b t dfj\m I | | c K `v_]kd l Sh ze	SnkQ`7TK[qr	b^ t SWj t SUkk^ t S)_a` `ce l `Noh`v_ad t []o_]`Q
I |	  .K _     	    I 	 _     I . U 	 K _ !  ! K ^
I |	 f| K .  

 




   <- 4 #9R4    5:423481#< 26<5:1
x .  % ,"¦\)ª%U ,¦+*+¦« (n¦ / =FSQe	d} ohdfek[ l S t%P S t Si`/k[aTNj	_aSioh`ckS P S t S<b P SSUe\b t dfj	[aSUk
d  b P SWb$<d9z^[ l kQ` t S
I  .K  1  	 1 _]e I I  1 U  1 U
 1 ] 1 K ]  1 K  1 "
OQP ^k  b P S>oh`v_ad t []o_]` `ce l b P S>j t SUkk^ t S/_a` ` t S)b P dfkSd  `9kb[ ` SUe	S l \`ck
I  | K
 1  1    1 U 1 U
 1 ] 1 ^
_ 1   I 1 U .K  1 I  1 U  1 K U  1 
 1 "
=¤S>`v_]kd P `fS
I   K _ 1  
 1   I 1 U .K  1  1  1 "
Y  ^ t b P S t k[]T9j_q[q zoh`cb[adfegQ[q_a_+zSWbdk^jjzdfkSWb P SWbSUTNjzS t `vb^ t SSU^	[a_a[a t []^T          !  OQP S}` t []`c	_aS Noh`cegb P SUe@xSWSU_q[]T9[aex`vbS l Y\Shbb[]e	
       I . U  K  ! ^I  V K
       I . U  K  ! ^I  c K

   	
   I . U 	 K 
 ! ^I   K
         I . U  K  !  !
    I . U  K  !
^I  a'K
Sdf	b`v[]e
_   I U .K    U
 ^I  { K
    TU U 
  "I   K
 eb P []k)`m  b P SKT9[qrb^ t SKzS P `fSUk`fk/`gkb[` SUeS l \`ckU  b)TB^kb)zSKedcbS l b P `vb)b P SKSh_a[aT9[]e`vb[qd\e
d  b P SKSUe	S t fm  t `copb[qd\e N[]k/e	SnopSnkk` t m[]ed t l S t b P `cb#b P S9T9[ r	b^ t SBzS P `cSUk#_q[  SB`kb[` SUe	S l f`fkh
P eFb P S9dfb P S tP `ce l  [  dfeSKSU_q[]T9[ae`cbSnkW`v_]kdb P SNfdc_]^T9S  t `cohb[adfe 	 fm[aTNjzdfk[ae	b P Sj t Snkk^ t S
Sn^	[q_a[] t []^T  b P SUe>b P Sij t Snkk^ t S_]` [ak%e	dT9d t S<`kb[ ` SUe	S l \`ck4_]` I SpropSnj	b P SUe>b P Sb$<d)j P `ckSUk
k`vb[ak  m
 1     [  Sc  P Sneb P Shm7` t SjzS t  SUohb<\`ckSUk K  OQP S/[]e\bS t SUkbd  b P S)kb[` SUeS l \`ck_a` []kb P `vb
e:egf,hiOjOkVi
. |    )
	V ,
b P SN`ckkd	op[]`vbS l w [qSnT9`feej t d\	_qSnT [ak)Sn`ckmbdkdf_qfSBSpr`fopb_am`ce l b P []k  `cohb/Q[a_a_ zSNSprj	_adc[abS l []e
b P S>e^T9S t [aoU`v_"T9Shb P d l zSh_ad}W
OQP SWSne\b t dfj\m7d  b P SWT9[qrb^ t S)[]k
I  .  K
 I]^  ^ 	 ^  K  	 _]e I )U U




	  	    . U 	. U      
      "
x | % ,"¦\)ª ¦ ¦v(n¦\/ eKb P [ak kSUopb[qd\e  S<opd\ek[ l S t b P SQk[]TNj	_aSUkboh`fkSd  `T9[ r	b^ t S
d  jxS t  Snopb\`ckSUk#`cb/ohdfekb`fefb/j t Snkk^ t S>`ce l bSUTNjzS t `vb^ t S  b P ^k/b P SBSUe\b t d\j	[qSnk#` t S>f[qfSUe\m I <S
P `cSkSUb    U .K
I  ..K  1   _]e I I  1 ] 1 K ] 1 K "
OQP SWSn^	[q_a[] t []^Td  bSUTNjxS t `cb^ t S[akiShrj t SnkkS l \m
I  . | K      !        I . U  K  !       I . U  K  !    "
Y/e l b P Sne  b P SWSU^	[a_q[] t [a^xTd  j t Snkk^ t SUkc[acSnk
I  .  K
_        ]   >_ !    !  !  ] ! ^ 	    ! . U . U 	 "
=¤S>oh`feb P ^kiSprj t SUkk 	 [ae  ^exopb[adfed   
I  . V K 	      ^ . U 	    ! I . U  K ^ Q[ab P      I . U  K  ! "
H []e`v_a_am  b P S>TK[qr	b^ t SSUe\b t dfj\m7[]k




  ]   	   I . U  K _ae      ! ]     ^
  _]e   >_]e ]   z_]e   I . U  K  ! _ae ! U>_ae "
OQP S  t `copb[qd\e7cSnopbd t  []k[]eb P [akoh`fkS t S l ^ohS l bdBb P S)TN`ckk  t `fopb[adfe -WQ^	b<b P ST9[ r	b^ t S)[akkb[a_q_
`NjzS t  SUohb\`ckU
 eFb P SNkSU^	Sh_  <SNk^jjzdfkSBb P `vb   ! I [  ScWb P S7j P `ckS I .K [ak)_aSUkk l SUekSKb P `ceb P S7j P `ckSI | K K  OQP S l S t [a}`vb[acSd  WQ[ab P@t SUkjxSnopbbd[]k
I  .  K
  
  
  I   U ! K _]e ]    _]e  U ! _]e !
U I   U ! K _ae U I   U ! K "
 e
 	
! "#$%'&)(*,+- . 
OQP Sk`vb^ t `vb[adfeoh^ t cS  d t b P []kQj P `fkS)b t `cexk[ab[adfegTKd l SU_"[ak l Sh ze	S l \m      	"=FS) ze l b P `vbib P Sk`vb^ t `vb[adfegoh^ t cS)[]ki[aeb P S>j	_a`fe	S I  ^	_ K `7kb t `v[a P b<_a[]e	Sd  SU^`vb[qd\e
I  .Da K  _   Sprj I .K _]e
    !  	
 	 	      "
~`}r	[aT9[a¢h[]e	 Q[ab P t SnkjzSUohbBbd  ^e l S t b P S@opd\ekb t `v[]efbkB 3  3 . jzS t T9[qbkKbd t SUohd}cS t b P S
Sn^	[q_a[] t []^T j t Snkk^ t S/_]`
I  . { K
	 
 _#%$I]^  K    !   ] [ -] 3 ] ! ^_ #%$,I%]^  K    [  ] ! 3 ] 3 ]  ^_#%$I]^  K       ] [ -]  ]  ^
Q[ab P
I  .  K ] 1    1 "
OQP [akQT9d l Sh_+[akiShr	`fopb_qmb P Sdfe	SWj t dfjzdfkS l \m Z `vdf^SUe[]e L .  N 
Vx 5:1 264 98;23<581 5:181823<;#5'9323<581
 eb P []k/j` t b  SKohdfek[ l S t b P S #^	_aS t km	kbSUT I | .K `ce l b P S9j t SUkk^ t SW_]` I  . { K  OQP S #<^	_aS t
km	kbSUT oU`ce`v_]kdNzSW t [abbSUe
I Vx .K   I  K     ^
Q[ab P    I  ^   ^     !  | K :=¤SiQ[q_a_	`v_]kd)^kSi`)j t [a[q_aShfS l kShb d  e	dfe	ohdfekS t }`vb[acS` t []`c_qSnk
b P `vbS/e	dfbS   I%]^  ^%_ K -=¤S t SUoU`v_a_ t [aSpxm P d} [qb[akijzdfkk[]	_aSbdKopd\ekb t ^opbkSUcS t `v_zSUe\b t dfj\m
kdc_]^	b[qd\ekbd9b P S w [aSUTN`feegj t d\	_qSnT   P [ao P opd\ek[]kbkbdK ze l kdc_]^	b[adfek<bd I |	 .K  P SUegb P S)[]e	[ab[]`v_
ohdfe l [qb[qd\e[]k
I Vx | K  I  ^ K    [   , ^ [    	"
=¤SWQ[a_q_%opdfTNj^bS>j t SUoh[akSh_amb P SBopd tt SUohb<Snefb t d\j\mkdf_a^b[adfe   P [ao P []kQb P SB_q[]T9[qb#d  []kohdfk[qb$mgkdf_a^
b[qd\ekU OQP [ak#`fe`v_amb[]oh`c_ kdc_]^	b[qd\eQ[a_q_+zS>^kS l bdN}`v_a[ l `vbSd\^ t ko P SUT9S[ae@kSUopb[qd\e c x
Vz .    ,  & ¦¤¦+*Uª § ª4 nª & + , ª * / =¤SKQ[a_a_d\e	_qm@opd\ek[ l S t kdc_]^	b[adfexkTN` l SBd  dfeSBd t
kShfS t `v_ k P do  `fSUkU Y(k P d	o  kdf_a^b[adfegd  fSh_ad	op[ab$m P `ckib P S  d t T
I Vx  K  I  ^ K     [      ^  [      "
OQP S w `ce  []e	Sp$\/^	fdfe	[adcbNk P d	o  opdfe l [qb[qd\e TK^kbxSk`vb[]k xS l  	)SUe	dfb[]e	@L  N b P SNu^TNj,d  b P S
^`fe\b[ab$m`co t d\kkb P S l []kohdfe\b[]e^	[qb$m I L  N     U  K  b P ShmgoU`cexSW t [abbSne  L  N   L  I  KN d t
I Vx V K
 L  N   L   N ^ L   N  "!   !  _$#-^&%      !|('   %       !|  _   ' "
e:egf,hiOjOkVi





	  	 	
 	   
 	 	   	 
   ! 
 
 !  	
	
	 




  !   
"    





 $ !    
$#%  %  $'&  & 
 ( ")+*, )  -.   
 0/ 
 ( ")+*, )  1.   
 2/ %




 $   
  !   
"3   
 $ 	   	 
	 %   % 
5 <6:9R487:9;<9  dfe$^e	[]^	SUe	Snkkd  b P S w [qSnTN`cee@j t df	_aSUT
	)Sp e	[ae9b P S  `c t `ce	f[a`fe7cSU_qd	oh[qb$m7d  b P SWk P d	o  \m
I Vx c K =   ?> I  U  > K ^
 P [ao P l dSUkQe	dfb l SUjzSUe l d\eb P S>k[ l S I+@ K   I+A K d t I@ K   IB K  <S P `cS)SU^	[a`c_qSne\b_am
I Vx  K
= !   U L _ NL ] N ^
=   L _ NL  N ^
L  N+ .| L ] N I _   _  K   "
  =    S` t S#[]eNb P S)oh`fkS#d  `>}$k P do  [  =    [ab[]k` . k P d	o   OQP S)oh`ckS =   >ohd tt Snkjzdfe l k
bd`ohdfe\b`fopb l []kohdfe\b[]e^	[ab$mc     [ak# r	S l `ce l [  =    SU^`cb[adfek I Vx  K l Sp zeSB`oh^ t fS  oU`v_a_qS l
b P S \/^	fdfe	[adcbioh^ t cS  []egb P Skjx`copS I] ^  ^%_ K d  `v_a_b P Skb`vbSnk  b P `cboU`cezSWopd\ee	SUohbS l bd   \m
`B}$k P d	o   OQP [akoh^ t cS/oh`ce7jx` t `cT9ShbS t [q¢US l \m ] d t =  d t []ekb`ceohS I l Shb`c[q_]koh`ce7zS  df^e l [aeL ..ON 
L .  N%K 
Vz |2C ª*4¨  *,D ¦+*+¦n7ª #¦¦+*Uª § nª & 4 , ª* / =¤SW  t kb#opdfexkb t ^ohbQ`ce@SUe\b t d\jfmgkdf_a^	b[qd\e
TN` l SBd  `gk[]e	c_aSKk P d	o  `fSc Hxd t b P [ak  SKo P ddfkSK`fe` t 	[ab t ` t mgkb`cbS     I%]  ^  ^%_ DK [aeb P S
_a[a P b)j P `ckS  b P ^xk ]   ] v  eFb P S7e^T9S t []oh`v_ Shr	jzS t []TKSne\bk  S7k P `v_a_ ^xkS  `ck)[ae L .  N  ]    . " 
`fe ld_    " . T=¤SNo P ddfkS>`v_]kd    	" `fe l  !   " c	 OQP [ak/_aSU` l k#bd ] FE . "  f|vV . 'cv B`ce l]
! E	"  . ccV a c{c{  I `coUopd t l []e	9bd I x .  K K =¤S^	[a_ l b P S*\/^cdfe[qdfb oU^ t cSid  d t [qf[ae   [Yk [ab [qb t SUj t SnkSnefbS l [aeK x\^ t SiVz .  b P S#j t dcuSUopb[qd\e
d  b P [akoh^ t cS)dfeb P Sj_a`fe	S I]^	_ K []k#e	dcbQohdfe\cShr`vbQb P Sjzdc[]e\b l Sp e	S l \m ]   ] v
OQP SF_qS  bgkb`cbS   [akgo P dfkSUe d\e b P S \/^	fdfe	[adcboU^ t cS  []ek[ l SFb P SFk`cb^ t `vb[qd\e t Shf[qd\e  b P ^k]
! 
]   ]  dHxd t b P Se^T9S t []ohk  <S7b`  S  `fk Z `cdf^	Sne L .  N  ]    " f|	 OQP `fe  kbd I Vx  K  b P S
 e
 	
! "#$%'&)(*,+- . c
j t Snkk^ t S)oU`cexSWShr	j t SnkkS l `cki`  ^eohb[adfegd -] `c_qd\e	Kb P S\/^cdfe[qdfbioU^ t cS
I Vx a'K   _RI%] K  >_    	  !  	    	 	 	 	  	  !  	 [  ]  3 ]^_RI%] K  >_    	  !  	   	 	 	  	  	   ! 	 	 [  ] ! 3 ] 3 ]  "OQP SUe  _    _RI%] $K  OQP SBcSh_ad	op[ab$m'   b P S>_]`v t `cec[]`cefSh_ad	op[ab$m =  `fe l b P ^kQb P SBk P d	o  fSh_adoh[qb$m 
`c_qd\e	7b P S!\/^	fdfe	[adcb#oU^ t cS>` t SWSU`fk[a_am l S l ^opS l t d\T I Vx  K  OQP [akc[acSUk   E 	" . cc  'c}V  a `ce l
_  E " . VfV'c . f|f| )`fe l [aegb P [akQi`m  S P `cSopd\ekb t ^opbS l dfe	SWk P d	o  kdf_a^b[adfegd  b P S w [aSUTN`cexe
j t d\	_qSnT  bQoh`fezS)o P SUo  S l b P `vbi[qb[]k<Sne\b t dfj	[]o/`fe l k`vb[ak xSnkb P S %`}ro P ` t `fopbS t [akb[]o#opd\e l [ab[adfe"
WQ^	bib P [akkdf_a^	b[qd\e[]kQe	dfb#j P mk[]oh`v_  [  Sc P `ckQe	dN[akopd\^kij t dv x_aS I l SUb`v[a_]kQoh`cezS  df^e l []eL .  N%K 
 b>[]k>[]e l SUS l jzdfkk[]	_aS7bdopd\ekb t ^opb>`fe	dcb P S t kdc_]^	b[qd\e   P []o P [akBb P S7d\e	_amFj P m	k[]oh`c_kdc_]^	b[adfe"
=¤S  SUSUj9b P Si  t kbj` t b d  b P S*\/^	fdfe	[adcboU^ t cS  df^	bk[ l Sib P S/k`cb^ t `vb[qd\e t Shc[adfe4 OQP SQ[]e\bS t kSUopb[qd\e
d  b P S \/^cdfe[qdfbBoh^ t cSg`ce l b P Sj	_a`fe	S ]   ] j t d}[ l SUkK^kKQ[qb P `  t kbKkb`cbS  l Sp zeS l \m
  E(	" f{ . {c  f|cc c  _  E¡" . f|f|}V . cc . K`ce l `gk P do  fSh_adoh[qb$m   E	" c . |vf fvVf  OQP SUe  `
w [qSnT9`feej t d\	_aSUT[]kQkdf_qfS l [aexk[ l Sb P S>k`vb^ t `vb[adfe t SUc[adfe
I Vx { K
    I  K     ^ I  ^  K      [   , ^  [    	"
OQP [ak w [aSUTN`feegj t d\	_qSnT P `ckid\e	_amdfe	S)SUe\b t d\jfmkdc_]^	b[qd\e  xSnoh`f^kS)[]ek[ l Sb P S>k`cb^ t `vb[qd\e t SUc[adfe 
b P S>j t SUkk^ t S/_a` j t SnkSne\bkQe	d7j`cb P df_qdfcmc 	)Shb`c[q_]kQ` t Sc[acSne[]eJL .  N  OQP SWj P m	k[aoU`v_4kdc_]^	b[adfe P `ck
b P ^kib P S  d t T
I Vx  K  I ^ K  
	 

  [       ^
  [          ^
  [         ^
  [           ^
  [       ^
Q[ab P
I Vx .  K  	    I]   ^   ^%_  K ^ 	    I] 	  ^   ^	_  K "
Z ^kb t Snoh`c_q_"b P `vb  zSUoh`f^kS)d\e	_amgk P d	o  kdc_]^	b[adfekid	oUoh^ tU S P `cSbdN e l b P SW[]e\bS t kSUohb[adfegd  b P S
. k P d	o  _qd	oU^kd  d t [ac[]e I   ^%_  K `ce l b P SWvk P d	o  _qd	oh^xk<d  d t [ac[]e I   ^%_  K  OQP `fe  kbd I Vz  K  dfe	S
P `ck
I Vx ..K
]   I _  K   ]  | _  U _ I _   _  K ^
]   I _  K   ]   | _  U _ I _   _  K ^
I Vx . | K
     U
 I _  U _  K I]  U ]   I _  K ^
       
 I _  U _  K I%] XU ]   I _  K "
e:egf,hiOjOkVi
.     )
	V ,
#<_q[]T9[aex`vb[]e	Fb P S[ae\bS t TKS l []`vbScSU_qd	oh[qb$m    t dfT b P S@SU^`vb[qd\ek>d  b P Sgb$d_ad	oh^k I Vx . | K  <S
l S l ^ohSWb P SB[ae\bS t T9S l [a`cbSWj t SUkk^ t S _  E" . V'c vVfV\| 'cvx OQP Sne  dfeS ze l k
  E	" . |v{f|cvV  a f 
] 	  E "  . f  a VcV\{c  ]  0E " f|vV\|v{ a   . x OQP ST9[]kk[ae#k P d	o  fSh_ad	op[ab[aSUk4` t S   E U#" . |f  a  c c
`fe l   E	" f{c\|  . c'c a 
c	   <-  <1R< 2 85 9  ; 	   5:4 2  <-T923<581 5 ;  :< 2 23<1 6  5'
 e9b P [ak kSUohb[adfe  Sij t SnkSne\b e^T9S t []oh`c_ t SUk^	_abk%[]eBd\e	S l [aT9Snek[adfeKdfb`v[]e	S l Q[ab P `/eSh j t dcuSUop
b[qd\eW ze[qbS<fdc_]^T9S<ko P SUT9Sc:Wim>j t dcuSUohb[adfe I d t t SU_a`vr	`cb[adfe K ko P SnT9SST9SU`feWb P `vb SU`fo P b[]T9SkbSnj
[]k TN` l Sd  b$dk^	kbSnjkh  eBb P S  t kb%k^$kbSUjK`/oh_a`fkk[]oh`v_\opd\ekS t }`cb[acSko P SUT9S[ak%SnT9j_qd}mfS l   e
b P S#kSUopd\e l k^	kbSnj  b P S#j t dcuSUohb[adfe I d t t Sh_]`}r`vb[qd\e K kbSUj  kd\TKSi}` t []`c	_aSUk ` t SQT9d l [  xS l [aeKd t l S t
bdkb[ao  bdb P SSn\^[q_a[a t []^T j t Snkk^ t S9_]`W OQP [ak>`fjj t df`fo P []kWcS t m¤k[]T9[q_]` t bdb P SdWidc_ab¢UTN`fee
ko P SnTKSW`fjj t df`co P I kShSdL . { N `fe l []eoh_a^ l S l t S  S t SUeohSUk K 
=¤S>k P `v_a_4j t SnkSne\bb Pt ShS t Snk^_qbkh
OQP SB  t kb t SUk^	_ab#[]kd\	b`c[ae	S l Q[qb P b P SKkb[ `Sne	S l \`ck#T9[qr	b^ t SKT9d l Sh_ l Sp e	S l \mb P SKSUe\b t dfj\m
I  .  K  OQP Sj P `fkS7b t `fek[ab[adfe¤[]k>e	dfb>b`  SUe¤[]e\bd`coUopd\^e\b>`ce l S7dfkS t cSNb P S`cjxjxSn` t `ceohS9d 
eShf`cb[acSj t SUkk^ t SUkd t E  G CF,G [aeb P SW_q[]^	[ l 
 eb P SNkSnopd\e l bSnkb  SK`fopb[q}`vbSKj P `ckSBb t `cexk[ab[adfe")=FS9bSnkb/b P SN`cjxjxSn` t `ceohSWd  `x^	_aSKd 
}`fjxd t []eg`K_a[a^	[ l k^uSnopbbd7`Kkb t dfe l t dfj7d  j t SUkk^ t Sf OQP SWj t SUkk^ t S_a` ohdSpop[aSUe\bkb P `vb<S
^xkSW` t SW`ckS l dfe@j P m	k[]oh`c_"TKSn`ck^ t SUT9SUe\bki`fe l ` t S l SUb`c[q_aS l [aeb`c	_aSW
 e£b P Sb P [ t l bSUkb  S7b t mbdopdfTNj^bSb P S`cex`v_am\b[aoU`v_kdc_]^	b[adfe£ohdfekb t ^opbS l [ae kSUohb[adfe¤Vx |	
=¤SWb P ^ki_a[]TK[abQdf^ t kSh_acSnkbd`9T9[qr	b^ t Sd  jxS t  Snopbif`fkSnk< P dfkS)Sne\b t dfj\m7[akif[qfSUeg[ae I  . c K 
Hzd t b P SNopd\ekS t }`cb[acS>ko P SUT9SB[]eb P SB  t kb/k^$kbSUj  SK^kSBb P SKoh_a`fkk[]oh`v_ ® d l ^e	d}ko P SUT9Sc
 bQ[]kQ`fkS l d\eg`feShr	`fopb w [aSUTN`cexekdc_acS t  d t b P S>j t d\	_qSnT Q
   I  K     ^  I  ^  K     [     ^  [    	"
Hzd t b P SNkb[` SUeS l \`ck/TK[qr	b^ t S  b P SKohdfekS t }`vb[acSW}` t []`c	_aSUk/` t S    I  ^   ^    $ ! ^  	 ^   K  b P SNz^r¤[ak  I  K  gI   ^   !  _8^ I     $ !  _ K  ^  	 ^   K " OQP Sj t SUkk^ t S9_]`¡[]kWc[acSneF\mI  Vv$  K 
Hzd t b P SBjzS t  SUohb#f`fkQTKd l SU_  b P SBcdc_]^T9S  t `copb[qd\e	 `fe l b P SBohd tt Snkjzdfe l [aeNjx` t bQd  b P S>z^r
` t S^kSh_aSUkk  zSUoU`c^kS<S P `fS)`c_ t SU` l mk^jjzdfkS l b P S>j t SUkk^ t S)SU^	[a_a[a t []^T
=¤S l SUe	dfbS\m I   ^   ^   K b P SkSh_  k[aT9[a_a` t kdc_]^	b[qd\e   Y/k9j t d}fSUe []e L .  N  b P S w [aSUTN`cexe
j t d\	_qSnT P `fkQ`9^xe	[a^	Sf_qd\`v_ SUe\b t d\j	[aokdc_]^	b[adfe4
 Shb	zSW`7kj`fopSkbSUj@`ce lb] `9b[]T9S>kbSUj" Shb  1   S
    3] `fe l

1 E !I3^ 1 K  P S t S []kQ`ceSUe\b t d\j	[ao)kdc_]^	b[adfegd   I K    x OQP S>op_]`ckk[]oh`c_ ® d l ^e	d}kbSUj[]k
    !1 U  1] 
 1   ! U  1   !

  	"
OQP [ak#  t kbkbSnjj t d}[ l SUk^k#Q[ab P ` l SUek[ab$m           !  `cSh_ad	op[ab$m'          ! `ce l `fe




P `cSbd9zS^j l `vbS l I j t dcuSUohbS l K bd9b`  S)[ae\bdK`coUopd\^e\b<j P `fkS)b t `cexk[ab[adfe" s<P m	k[aoU`v_a_qm  b P S)kb`f	_qS
kb`cbSWopd tt SUkjzdfe l k<bd7`7TN`}r	[]TB^T d  b P S>kjxSnop[q zo)SUe\b t dfj\m  Sb P ^k l Sh ze	S I 	    ^     K \m
 I .    ^     ^ 	    ^     K   TN`}r
             
 I .    ^     ^ 	 ^  K "
Hzd t b P SKjzS t  SUohb\`ck#T9d l Sh_%b P SBcdf_a^xTKS  t `fopb[adfe@[]kedcb/j t SnkSnefb#`fe l S>dfjb[]TK[a¢hSKdfe	_amQ[qb P
t SUkjzSUopbibd9b P S>TN`ckk  t `fopb[qd\e  
c . 2C £¦ , c &)n¦£¦  ª@¦ £¦\UUU& ¦ fU¦ /) ed t l S t bdg[a_q_]^kb t `vbSBdf^ t `fjj t df`co P4
S>  t kb t SUoU`v_a_ P `cb P `fjjzSUek/[  b P SNoh`[ab`vb[qd\e@[ake	dfbb`  Sne[]efbdg`fohopd\^e\bh OQP S9bSUkb/oU`ckSB[]k/`
w [qSnT9`feej t df	_aSUT  P []o P j t SUkSUe\bkQb$d t ` t S  `cohb[adfei`cSUki[]e@i`vbS t   b/[ak[ae\bSne l S l bd l SUT9dfe
kb t `vbSb P S`fjj` t [ab[adfed  eShf`cb[acSj t Snkk^ t SUk4 P SUe>oU`\[ab`cb[adfe[]kedcb+b`  SUeW[]e\bd/`fohohdf^e\b I L  N  L V N	K 
OQP Sgk[]TB^	_]`vb[qd\eb[aT9S[]k>d  	" |@TNk  b P S l []ko t SUb[a¢U`cb[adfeF[akWd  . cfgohSh_a_akU OQP S7_qSne	cb P d  b P S
kb^ l mK[]e\bS t }`v_z[ak . T OQP S[]e	[ab[]`v_ l `vb`B` t SQc[acSUeN[]e7b P S#b`f	_aS .  `ce l b P Se^T9S t []oh`c_zj` t `fTKSUbS t
 d t b P S9kb[ ` SUe	S l f`fk#_]`` t S>c[acSne@[aeb P SKb`c_qS9 OQP SKe^T9S t [aoU`v_ t Snk^_qbk` t S>d\e@ xf^ t Snk)c	 . 
c |  c	 -=FSWd\kS t cS)b$<d t ` t S  `cohb[adfe7i`cSnkiTKd}[]e	9[aeb P SWdfjjzdfk[qbS l [ t SUohb[adfekU
+S  b#kb`vbS w [q P b#kb`cbS
 . cc   vT  . cc   vT 
^ U . fKTvk . c9T}k
j .	. 
 s ` .. 
 s `
   ;<9  % $TO !T     	  
c |2C £¦ , c &in +¦£¦ ª7¦@U	* ,  , ª*fU¦ /) eb P []kQj` t b  b P S>kSUopd\e l k^	kbSnj I dfj
b[aT9[a¢U`cb[adfe¤d  b P SSUe\b t dfj\m K [akK`copb[q}`cbS l  P e¤b P Sk`cT9S7bSUkbBoh`fkS7`ckB`czd}cS  <S7d\	b`c[aeS l b P S
t SUk^	_abkd   x\^ t Snk*c	 V  c	 c  c   c	 a  c	 {
=¤Sd\kS t fS7`}`cjzd t x^	_aS[]e b P SgopSUe\bS t d  b P SopdfTNj^b`vb[qd\e l dfTN`v[]e `ce l b P Sj t Snkk^ t S
t SUTN`c[aekijzdfk[qb[qfSc OQP []kQ[]kidfe	_am`N^`v_a[qb`vb[qfS/}`v_a[ l `vb[qd\e"
c x ª x , Uª*@© ,2¦B	* &2§" , c &%nª & + , ª * /  e>b P []kkSUohb[adfe  S<j t SUkSUe\b4b P S<e^T9S t []oh`v_
t SUk^	_abkid\	b`c[ae	S l Q[qb P b P SBj t dcuSUopb[qd\egko P SnTKS  d t b P SB`ce`c_qmb[aoU`v_4kdc_]^	b[adfej t SUkSUe\bS l []ekSUopb[qd\e
Vz |  ^T9S t [aoU`v_ t Snk^_qbk ` t S<f[qfSUe>[]eK xf^ t Snk-c   c	 .   c	 .. :=FSQd\kS t cS<`feBShropSh_a_aSUe\b `v t ShSnT9SUe\b
zShb$ShSne¤b P Se^T9S t []oh`c_`ce l b P SShr	`fopb>kdc_]^	b[adfe4 OQP Sgj t SnkSne\bS l t SUk^	_abk P `fS7xSUSUe d\	b`c[ae	S l
Q[ab P ` ¬ H,e^TBzS t d  Spr`cohb_amd\e	Sc OQP S t SB[ak/e	ddfkop[a_a_a`cb[adfe@`ce l b P SB[]kohdf^kkdf_a^	b[qd\e[ak<SU_q_
oU`cj	b^ t S l =¤S P `cS9`v_]kdjxS t  d t T9S l bSnkbk  d t _qd}S t¬ H e^TKxS t k`ce l oh`fj	b^ t S l Spr`cohb_amb P S
k`cT9S>kdc_]^	b[adfe4 P b P S t d\e	Sp l []TKSnek[qd\e`v_"bSUkbkoU`ce@zS  df^e l [ae>L  N  Shb^xk t Snoh`c_q_4b P `vb/op_]`ckk[]oh`c_
® d l ^xe	d}gko P SUT9Snkoh`feopd\effS t cSbd` t [adf^xkQSUe\b t dfj\mkdf_a^	b[qd\ek#`fohopd t l [ae	Nbdb P S ¬ H e^TBzS t
`fkidfkS t cS l \m Z `vd\^	SUe[ae L .  N 
e:egf,hiOjOkVi




















Frame 001  13 Mar 2002  |
5 <6:9R4  9;<9        #	, $ 	  D 
x     4 581R<;J981R74   2 4465  ;23< 
 eFb P []kWkSUopb[qd\e  SNj t SnkSnefb`TKd t SNj P m	k[]oh`c_ k[]TB^	_]`vb[qd\e"  bWohdfek[akbk/[]eF` P m	jxS t kdfe	[]o>b$dv
l [aT9SUexk[adfe`c_ j t dcuSUohb[a_qS l [qfS l [ae\bdkb[a_q_ i`vbS t `vbW`gcSh_ad	op[ab$md  . cfT}kU  eFb P SNi`  SBd  b P S
j t dcuSUopb[q_aS>`cjxjxSn` t kQ`7}`cjzd t oU`[qb`vb[adfejzdo  ShbU OQP [akbSUkb P `fkzShSnekb^ l [aS l \m Wi^b_aS tU ¬ d	oho P [
`fe l Y`c^ t Sh_"[]eJL | . N 
x .   *, *( ª/+¦£n¦¦nn¦ & f©/ =FS P `cSB  t kb)bd@opd\T9jx^	bS9` l Sn\^x`vbS9j t SUkk^ t SB_]`
ohdSpop[aSUe\bk/[]ed t l S t bddf	b`v[]e t SU`v_a[]kb[ao t SUk^	_abkU  ed t l S t bd rb P SNopd\ekb`ce\bk  <S P `cSBb t [qS l
bd t SnkjzSUohbikdfT9SWj P m	k[]oh`c_ t Sn`v_a[qb[qSnkQk^o P `ckQk`vb^ t `vb[adfegoh^ t cS  kjzSUoh[  zo P Sn`vb  kd\^e l kjzShS l 
YibbSnTNjxS t `cb^ t S     a |+" a    b P S  ed}#ej P m	k[]oh`c_}`c_a^	Snk/` t S t SUj t d l ^opS l [aeFb P SKb`c	_aSN|
`fe l ` t S)Shr	b t `copbS l t d\Tb P S>zdd  d   [ l SbL .  N Q
&`cjzd t =£`vbS t
#<e\b P `v_]jfmQ  I	Z     K |  a V	"  .   V .Da cvc
 . "  "
  I	Z          K | . c V\|cc
  
	 9   $R"D   [O  #%%'&d !   	   % +
 e
 	



















Frame 001  13 Mar 2002  |
5 <6:9R4  9 	 9 
##       #	, $ 	  D 
OQP `fe  kibdNb P S t SU_a`cb[adfe Q
I  .K         ^
 P S t S []kKb P SSUe\b P `v_]jfm   b P SSUeS t cmd # d t TN`vb[qd\e `ce l   b P SgkjxSnop[q zo P Sn`vb9`vbKohdfekb`fe\b
j t Snkk^ t S  <SW` t S`c	_aSbdohdfTNj^	bS)b P SW}`v_]^	SUkid   )`fe l  ! Q
    	" . { f| .   Z   I  | K
 !
  U#	" . . Vf{ .   Z   I   K
OQP S9opd\T9jx^	b`cb[adfe@d  b P SKj t SUkk^ t S>ohdfekb`fe\b 
 !  d t b P S>_a[a^	[ l i`vbS t []k/x`ckS l dfeb P SBkdf^e lkjzShS l [ae i`vbS t  OQP SFkdf^xe l kjzShS l []e `cbS th} [ak`cjj t dr	[]T9`cbSU_qm . cfKT k   `vbg`cTB[qSnefb
j t Snkk^ t S)`fe l bSUTNjzS t `vb^ t Sf OQP SUe  b P `ce  kibd7b P S t Sh_]`vb[qd\e3Q
I  V K 
 !  




 P S t S     . fc  z T   []kb P S l SUexk[ab$md  i`vbS t `vb`cTK	[qSne\b)j t SUkk^ t S9`ce l bSnT9jzS t `vb^ t S  <S
d\	b`c[ae 
 !   { c c .  
 s `  e}`cjzd tU 
     s ` eFd t l S t bd@ohdfTNj^	bSKb P S7opd\ekb`ce\b  `fjjzSU` t []e	[]e I  . c K  S9^kSNb P SN}`v_]^	Snk/d  b P S7kjzSUoh[  zo
e:egf,hiOjOkVi




















Frame 001  13 Mar 2002  |
5 <6:9R4
  9  9  OV  !   !#	,O	 	O D 
P SU`vbkQ`vbQopd\ekb`ce\bicdf_a^xTKS)c[acSne[]e L .  N Q
            .  . c" f{ Z      "   I  c K
  !      ! !   . Vff Z      "   I   K
H []e`v_a_qm  b P Sohdfekb`fe\b [akid\	b`c[aeS l fm6Q   I    U   ! K _]e I   KI  a'K I  ! U   K
 
 I  U .K    _ae  I  U .K     I _   
  K I  { K
U I ! U .K    ! _]e  I ! U .K    !  I _   
 ! K  ^
OQP S`fTB	[aSUe\bQj t SUkk^ t S)[ak _    .  
 @ `ce l b P S>`cTB[qSnefbibSUTNjxS t `cb^ t S     | a " a   OQP S>j P m	k[aoU`v_"opd\ekb`ce\bkid  b P S>kb[ `Sne	S l f`fkSnkiTKd l SU_4` t SWk^TNT9S l ^j[]ex
x |2C £¦ , c &"¦  &2n /) eb P [ak%j` t b  Sj t SUkSUe\b"b P Se^T9S t [aoU`v_ t SUk^	_abk4[]e>|
	9 OQP Sj t dvuSnopb[a_aS
`fe l b P SohdfTNj^	b`vb[qd\e l dfTN`v[]eF` t S l Snko t []zS l [ae¤b P S t `cj P [ao x .  OQP S P d t [a¢hd\efb`v_ cSU_qd	oh[qb$md 
b P SKj t dcuSUopb[q_aS>[]kMU . cfKT k    [qb)[ak/b P ^k)T9d}[ae	  t d\T b P S t [a P bbdb P SB_aS  bh Wim`o P `fe	cS>d 
 e
 	






















Frame 001  13 Mar 2002 
5 <6:9R4
  9 7 9    M     D 
z^[ l . I }`cjzd t K ^	[ l | I i`vbS t K
 .   

  {'cvfK` t
 x . { \| *.   Z    x . . Vf{ *.   Z   
 .  . c f{ Z      . V\c Z     
     9  O	  O% TO6 M&'D #
t S  S t Sne\b[]`v_  S/oh`fe7`v_]kdKk^jxjxd\kS/b P `cbb P S/j t dvuSnopb[a_aS#[ak r	S l `ce l []TNjxd\kS/`>cSU_qd	oh[qb$m9d  i`vbS t d 
. cfBT k   P e9b P S/zdf^e l ` t m>d  b P Sj t dvuSnopb[a_aS  b P S^jxjxS t `ce l b P S l d}#e	S t jx` t bk d  b P S l d\TN`v[]e9zdf^xe l ` t m 
S7[]T9jzdfkS7`T9[ tt d t opd\e l [ab[adfe" P e¤b P S7[aexe	S t `fe l df^	bS t j` t bkd  b P Sgxd\^e l ` t m  <S7[]TNjxd\kS
b P SNe`vb^ t SKd  b P SBzd}Q    . cf  x T    _  . 
 s ` 4P d t [q¢Udfe\b`c_4cSU_qd	oh[qb$m   . cfKT k   
fS t b[]oh`c_4cSU_qd	op[ab$m    xT=¤SKb`  SBb P SNk`fT9S>}`v_]^	SUk  d t b P S9[ae[qb[a`c_%ohdfe l [ab[adfe@[]eb P S l dfTN`v[]e[]e
d t l S t bd7T9d l Sh_4b P SWk^ ll SUe@` tt [q}`c_d  b P S>j t dvuSUohb[a_qS)[]egi`vbS t 
	)SUek[ab$m  j t SUkk^ t S  cSU_qd	oh[qb$m7T9d l ^	_]^ki`ce l cdc_]^T9S  t `cohb[adfe7d  i`vbS t ` t S t Snj t SnkSne\bS l `vbb[]TKS
   |f|c T9kd\e zf^ t SUk  |  x    VN`fe l  c	
e:egf,hiOjOkVi




















Frame 001  13 Mar 2002 
5 <6:9R4
  9   9 
  #   !  ,   D 
a  581:;'9#<581
 eKb P []k j`cjzS tU S P `fS  t kb%ohdfekb t ^opbS l `)T9d l Sh_  d t _a[a^	[ l }`cjzd t j P `ckSb t `cek[qb[qd\e" w SUb^ t e
[]e	)bdb P S t TKd l m	e`fT9[aoUk+S P `cSik P d}#e P d} bd)j t dfjzS t _am>opdfexkb t ^ohbj t SUkk^ t S<_a`#k  d t `)T9[ r	b^ t S
d  b$<dz^[ l kU  b`cjjzSU` t kb P `cb b P S#Sn^	[q_a[] t []^Tj t SUkk^ t Si_a` opd tt SUkjzdfe l k%bdB`>TN`}r	[]TB^T¡d  b P S
T9[qr	b^ t SSUe\b t dfj\mQ[ab Pt SUkjxSnopbibd7b P SWcdf_a^xTKS  TN`ckkQ`ce l Sne	S t cm  t `cohb[adfekid  b P SW}`cjzd t ^k[ae	
b P []k t Snj t SnkSne\b`vb[qd\e  [qb i`ck jzdfkk[]	_aSibdWj t dfjzdfkS`)e	Sh j t dvuSnopb[adfe> ze	[abSicdf_a^xTKSnk ko P SnT9S  d t b P S
e^T9S t []oh`c_k[aTK^	_]`vb[adfed  oh`[qb`vb[qd\e" #`co P b[aT9S>kbSnjd  b P []kQko P SUT9S)[akQTN` l S/d  b$d9kb`ccSUkU  e
`7  t kb#kb`vfS  b P SWzd} []kkdc_acS l fm`op_]`ckk[aoU`v_ ® d l ^ed}gko P SUT9S  Q[qb P Spr`cohb w [aSUTN`cexekdf_qfS tU
Q[ab P df^	bb`  []e	K[ae\bdN`coUopd\^e\bj P `ckSb t `cexk[ab[adfe" OQP []k[akijzdfkk[]	_aS)zSUoU`c^kSb P SWTK[qr	b^ t Sj t Snkk^ t S
_]` []k%k[]T9j_qS t b P `ceBb P SSU^	[a_q[] t [a^xT(j t Snkk^ t S_]`W  eB`)kSUopd\e l kb`ccS  b P S  t `cohb[adfek%` t S<^xj l `cbS l
[]ed t l S t bd t Snopd}fS t b P SWSn^	[q_a[] t []^T j t Snkk^ t S/_]` fm`7TN`}r	[aT9[a¢U`cb[adfegd  b P S>T9[qrb^ t SWSUe\b t dfj\mc
OQP [ak ko P SUT9S P `fk xSUSUe9bSnkbS l   t kb dfe9`ce9`cex`v_am\b[aoU`v_	kdc_]^	b[adfe"  b `fk `c	_aSibd t SUopd}fS t b P S#^xe	[a^	S
j P m	k[aoU`v_kdc_]^	b[qd\e I b P S[akopd\^k>kdc_]^	b[adfe K ShfSUe¤[  kShfS t `v_Sne\b t dfj\mFkdc_]^	b[adfexk>` t Sjxd\kk[]	_qSf H [ 
ex`v_a_qm  S[a_a_a^kb t `vbS l b P S<`f	[a_q[ab$md  b P Sko P SUT9S<bd l SU`v_\Q[ab P T9d t Sj P m	k[aoU`v_\opdfe	 xf^ t `vb[qd\ek"[]eK| 	K
























Frame 001  13 Mar 2002 
5 <68984
  9  9      !   !    D 
I .K H [ t kbd  `c_q_  [abdf^_ l xSW[]e\bS t Snkb[ae	9bdN[]TNj t d}fS/b P SWj t SUop[]k[qd\ed  b P ST9[qr	b^ t S_a`W  e
l SUS l  []e>[abk j t SUkSUe\b  d t T  b P SQT9d l Sh_[ak e	dfb%`f	_aSbd)b`  S[ae\bd/`coUopd\^e\bb P So t [ab[]oh`c_\jzdc[]e\bh
OQP Sio t [qb[aoU`v_	jzdc[]efb%[]k%`/kjzSUoh[a`c_	jxdf[ae\b%d  b P Sj P `ckS l [a`c t `cT[aeKb P SbSnTNjxS t `cb^ t Sp$j t SUkk^ t S
j	_]`ce	Sf  b)opd tt SUkjxd\e l kQbdb P S9^xjjxS t Shr	b t SUT9[qb$md  b P SNk`cb^ t `vb[qd\eoU^ t cSc)WiShmcd\e l b P [ak
jzdc[]efbNb P S t Sg[]k7e	d T9d t S l []kb[]eopb[qd\e zShb$ShSne b P S@b$<d£j P `fkSnkh>=¤S@SprjzSUopbNb P `vbNb P [ak
zS P `[ad t oU`ceNxS/TKd l SU_q_aS l \mKdfe	_amKo P `fe	c[]e	Wb P S#SUe\b t d\jfm  ^eopb[qd\eNd  b P S#_q[]^	[ l j P `ckScI | K Yedcb P S t []e\bS t Snkb[ae	WShr	bSUexk[adfe9df^	_ l xSbdB` ll `Wk^xjj	_aSUT9SUe\b` t mK[aeS t bj P `fkSQ[]eNd t l S t
bdKk[]TB^	_]`vbS   d t []ekb`cexopS  `v[ t i`vbS t xd}#k  Q[qb P b P S/jxd\kk[a[q_a[qb$mKbd>d\kS t cSQ`Woh`[ab`vb[qd\e
j P Sne	dfT9Sne	dfe [ae i`vbS t  OQP S@TKd l SU_Q[ak7`£k[aTNj	_aSSpr	bSnek[adfe d   P `vbN[]k l dfe	S[]e,jx` t b
|	  OQP ST9[ r	b^ t S7Sne\b t dfj\m[]kWb P Sgk^T d  b P S7b Pt ShSj P `ckSUkWSnefb t d\j	[aSUk I `fkW[]e  d t TK^	_]`
|	 |c K `ce l l SUjzSUe l kdfe l Snek[qb$m  [ae\bS t ex`v_#Sne	S t cm  `c[ t  t `fopb[adfexk`ce l }`fjxd t  t `fopb[qd\ekh
 e¤b P Sdfj	b[aT9[a¢U`vb[qd\eFj t d	opSnkk  ST9`vr	[aT9[a¢hSNb P ST9[qr	b^ t S7SUe\b t dfj\mQ[ab P£t SUkjxSnopbWbd`c_q_
b P S  t `fopb[adfexkSprop_]^ l []e	@b P STN`fkk  t `cohb[adfeFd  `v[ th zSUoU`c^kSNb P S t SN[]k>e	dTN`ckkb t `cek  S t
zShb$ShSUe`v[ t `ce l `cbS t  OQP S9T9`fkk  t `fopb[qd\e@d  `v[ t []kb P ^kk[aTNj	_amopd\effSUohbS l  	/Snkj	[abS
[abkNk[]TNj	_a[aoh[qb$m£b P [ak9`cjj t d\`co P _qSn` l kKbd¤e^T9S t [aoU`v_ l [ oh^_qb[qSnkhJYoUopd t l []e	bddf^ t   t kb
SprjzS t [aT9Snefbk  e^T9S t [aoU`v_xj t Snkk^ t Sd\koh[q_a_]`vb[adfexk`cjjzSU` t `vb<b P S[ae\bS t  `fopSzShb$ShSne7`v[ t `ce l
i`vbS t L  N  OQP SnkS@d\koh[q_a_a`cb[adfek9` t Sk[]T9[q_]` t bd b P d\kSdfkS t cS l []e T9`fe\m <d t k9`czdf^	b
b$dv$j P `ckS9xd}#kdL . N  L . V N  L |v N aq  b>[ak[]e\bS t Snkb[ae	@bddfkS t cSNb P `vbWb P ST9`vr	[aT9[a¢U`vb[qd\e
d  SUe\b t dfj\mN[aexk^ t SUkkb`c[q_a[qb$m7d  b P Se^T9S t []oh`c_ko P SUT9Sf   dfe	S  d t cSUbk<bd9dfj	b[aT9[a¢hS)Q[qb P
t SUkjxSnopbibd7d\e	S` t []`c_qS  [ab#oh`fegzS>k^op[aSUe\bibdN[aTNj	_amd\koh[q_a_]`vb[adfexkh
e:egf,hiOjOkVi

























Frame 001  14 Mar 2002 
5 <6:9R4   9 -9 
 ",   #  M  ,    D 
I  K H [aex`v_a_qm  [qb `fjjxSn` t k%b P `cb%b P SiSU^	[a_q[] t [a^xT P m	jzdcb P SUk[ak%[]k j P m	k[]oh`c_q_amWe	dcb b t ^	S  d t fS t m  `fkb
xd}#kU  bW[akWSUcSneFjzdfkk[]	_aSKbddfkS t cS l ^ t [ae@`k P d t b)b[]T9Se	Sh\`vb[acSNj t SUkk^ t Snk/[]e¤b P S
_a[a^	[ l zS  d t S9b P SNj P `fkSKb t `cek[ab[adfe L  N   b/[]kop_aSU` t b P `vb)dfe	S9k P df^	_ l b P SUec[acSK` ze	[abS
}`v_]^	Sbd9b P SWj` t `fT9ShbS t 	 []egb P SWkdf^ t opS/bS t T I |	 .  K  OQP [aki}`v_]^	S)[aki_a[]e  S l bdNb P Sb[]TKS
koh`v_aS)d  b P Sj P `ckS)b t `cek[qb[qd\e"  ekbSU` l d  kdf_q[]e	Ne\^xTKS t []oh`c_q_am7`ced t l [aex` t m l [` S t SUe\b[]`v_
SU^`cb[adfeFdfe	Sohdf^	_ l [aTN`vf[aeS  d t [aexkb`ceohS7bdjxS t  d t T dfe	_amF`@j` t b[a`c_ dfj	b[aT9[a¢U`vb[qd\ed 
b P S>TK[qr	b^ t SSUe\b t dfj\mf
  41:;
  e 
	f f !"#
$%&#' (!)*#
&+' ,.-. f !/'  0$-(!/,1+2!3&4561798:;$8+<:+;$8
=?>8+<@ACB$DEFDG 8+H1I.J K L i5K.H +M j j.
 k ON  f.P+H/Q.1R9'SfDf"H N 1TVU-6HfP WXY6Z
[ f' &+%!\&], f^	-		:f+
_(+ fa`
F)bcE;
dbcEe8<bfDEF@bfDGYg*@b6h+8<8+bf:8i@bkjlB$8+<+m@5G F:WnY<@5m6G 8o^A 2qpYTaH,efrts(u q&#f"HkvvOk$
 K  swxR9	1 f"(yz@+{ >86G F)ADEF3@b|oiDE3; >8o DEF3}+~88+Ewbc~$o >8+<F3}+~8{58G D:DFEeDEF@b|{5DbcAG 8+A >8:@~.G 8o 8+bcE3AoO~G EF)
B1;$DAF3}+~8+AW:@oqBc<8+AAFm+G 8Afp*#cZ#6H:f 5 $wPs- f"H.P&+'O	f kvvOk$
 i  swcR9	1 f"Hfpx1u
-.[5HffP N e%-$[fp\&&6x&' ,-$ fz!40$[$' ' &+/'O-  -Pc+_%6"dbcEe8+<
bfDE3F@bfDGx@~$<bfDG@hwF)bcFEe8z1@G ~.oi8+AH  J L KiH kvvK.
 6 uWR4#5s9#4#[W!1#&w_(5+\!3f^	 2[$-c fi!125s&#Df&+c,1+H5 N P,c2' f5
!&+' ' &+H +M i k$
 I  uWR9f"x;$8+<oi@6{lbfDo^F3:+ADbf{ODbSF)bcE3<@+{~c:EF@bEe@wE;$8+<o @AECDE3F)AE3F:AxA8:@bf{^8{FEF@bc6r|[OfP N  f6H
+M j  
 e
 	




















Frame 001  14 Mar 2002 
5 <689R4  9  9 
  ,-    %,    V, %,  ,O
 6 O94#cf5,1P 0/H%px\XqP-"H9f.P X]Q. epx &+' ,.	' P9!3 ,cP C_9,#c6_%
&+' ,.-. f+ f = y \G ~.F3{A	*b
5Fbf88+<Fb
qF)6F)AF@b  ~$o^o 8<kyz88EF)b
  N T	%H4T f+H
9fcPc.H
Q-. [)kvvOk$
 j  4$-cfP^Rpx#c'  e(+]0. f^!1f[OfP^,,+0.'SRe(+'Sf fO 5+x!3xf.,-
]+_%( fc-.P P.[#fc' &6  d = y `~$o 8+< = bfDG H1K 5 I  J k k kK L k kVi M  & f&  H +MM j.
 M Q$px  f&wfP DG "Dg*DFEeDEF3@b
y >8:DbcFAo 8An*;lAF}~c8+Aq8+E = ACB$8:+E3A%dbf{~$AE<F386G Ap\(:f 5 
PWf	H +MM5 
  v  swq- U+H5Q. eTa+u+P"HfP  N +-. f" N ' *+&f5,f *5-' \&#' +/%&' ,-.*-.+"+-c f
- fO+5 N /dbcEC8+<bfDE\x`~$o 8+<\yz8+E3;.@+{Aw\G ~.F3{AHfK M k  J  v  K L1 K j.H kvvOk$
  %1P_%fP p O e
.]26`
~.oi8+<F3:DGxDBBc<@5Fo DEF3@b?@2hw;5lB$8+<+m@G F:^AlAEe8+oOA@2hW:@bcA8<DEF3@bG D*A
N , f.++H +MM I.
  k  p6u
-.[wfPWswR9	1 f/   f *5-.' Y'O-] f"!c&+.  f.
c+_
+ fSF)bcFEe8^f@G ~$o 8A1h@<wg*@oqB1G 8
= B5B1G F3:DEF@bcAqd2dd2n9@<}+~8+<@G)G 8+A! #"$"% '&6H1,c:i +L i5IOk$fu%' (px f5 f	(/P"H)(" fP. f"HkvvOk$
  K ON 
Q-f" >YE~{8 o DE; >8+oiDE3F}~c8?8+E^bc~.o >8<F}~c8 {58aAECDmF3G F)E >8B$@~$<?{58+Azoi@6{+*8+G 8+A ;5l{<@+{lbfDo^F3}+~c8A D8:
E<DbcAF)EF3@b{8%Bc;.DA81p*#Z #6H:f 5 $p\4X H %65'^	1:kvv  
  i ON ,w%f*T- &+' ,1 ff5 c6_ &6&-] fS	5[  & f f5,'   5 #'
ig*@oqBc~.Eqn*;lA-]H
 k  J K L i5K.H +MM i
 66 R+,qf"HxTaew+("_%6H.(xu"faR4-' ' f"H"fP R/f/(/++e(+'Sf f#C,	' f.Pa5 CO,#
,5&#.+(!)%#.'  f5,&qC_93c-P6_ &' ,-. f.60(g*@oqBc~$E*nY;5lA1H  j  k  J I  i L I  iH kvvOk$
  I  ZO,ew2("P.wfP?DG "jqDbf{m@6@3@2hO:+;$8o^FAE<lSDbf{OBc;5lAF3:+A45 6578{F)E3F@bc13e(|p\+Hkvv  
 '6 e$Tf8zf.PR.Q.$p*#+$s(#.-e(+'Sf fi,	.+' !)*c-.PS6_t!"+f'S]+7985xyz@+{58+<bn*;lA-]H
I  J +L1 Kv.H +M j M 
  j  Rpx#c' R4 :9'SfDfzC[.,1 &#' q!3w5wP.[#fc' &fPk#.  f5,5[k,,1C[5  d = y 4`~$o 8<
= bfDG ]H,k 5 I  J  i5v +L1 i k  H +MM v.
e:egf,hiOjOkVi














  9  9   8     #  O   0O !  #       
 +MON  e%-$[yz@+{ >86G F)ADEF3@b o DE; >8+oiDEF}~c8%8+Efbc~.o >8+<F3}+~c8({ >8:@~G 8+oi8+bcEA4{F Bc;$DAF}~c8+A9:@oqBc<8+AAF3m6G 8+A6p\#cZa#.+6H
:f 5 $Ps- f"H1Z
+&'^	1:kvvv.
 kv  e N -.\fPMe 
	  ' ,w' #$P!)q&' ,+	w'O-  c-P c+_%6  d = y   :F 
g*@oqBc~$E]H
k  K  J 6+L1 i  H +MMM 
 k  e N -H1Q. p.4&+&#HcfPpx R.R4-$6
 f-' &+1-P.[S!x&++$  f fS#_9q!#[$,1+25$& C[
-DfP_9%,2& = d =
= @~$<bfDG@hwnY<@Bc~G AF@b?Dbf{ n9@Y8+<H 65 i  J $ K L. k k$H +MMM 
 k k  ZO N   lAE5*8+o 8Aw{58^G @FAW{58i:@bcA8<DEF3@bd8+E*d2dZP \P -+H +MM I.
 kK  %  s"79F38+oiDbcb A@5G 8<AWDbf{ bc~.oi8+<F3:DGo 8E;$@6{AYh+@<	4~.F3{{lbfDo^F3:+A2  5bf{8{FEF3@bc N , f6H +MMM 
 kVi  Rr  f.P81s9#'SfDf,	' !)
'S]9_% #)f f#C& f550 $-c fq!\2J CHcf6_%6
yzDE; = bfDG  = B5B1G H1K j.J Ii5v L I  j.H +M$ k$
 k 6 uW.r [$ N #&S_(+5% f	 [ c-.P6*gY@o \nY~$<8 = B5B1G \yzDE;]H  vK  k  J  vK L1 k k$H +M i M 
 e
 	














  9;  9      R,       "D#  O 0O   #     O 
e:egf,hiOjOkVi













0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
’presex’
’pres’
5 <6:9R4  9;4;<9   R,     #      O!        %,O    
5 <6:9R4   9;49  ,     O    6
 e
 	
! "#$%'&)(*,+- | 
5 <68984   9 	 9     d  b
e:egf,hiOjOkVi
f    )
	V ,
5 <689R4   9   9 
#  O        b
 e
 	
! "#$%'&)(*,+-  .
5 <689R4   9 7 9  V   M  b
e:egf,hiOjOkVi
\|    )
	V ,
5 <6:9R4   9   9 
 ",      #    
 e
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France) 	
   
ISSN 0249-6399
